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ABSTRACT 

This document presents the findings of an extensive study of the 
shipbuilding and repair industry. Its purpose is to provide specific, 
guidance for the development of discharge permits to be issued under 
the authority of Section 402 of the Federal Water Pollution control 
Act as amended. These permits are issued by state and federal 
authorities participating in the National Pollutant Discharge 
Elimination System (NPDES). 

The studies conducted by the Environmental Protection Agency (EPA) 
determined that the i~position of national industry-wide numerical 
limitations and standards is impractical at this time.. This document, 
therefqre, provides guidance which recommends specific best management 
practices. Such management practices should be tailored to specific 
facilities. This determination shall in no way restrict the use of 
numerical limitations in NPDES permits. 

The best management practices identified in this document shall be 
guidance for the determination of best practicable control technology 
currently available, best available control technology economically 
achievable, and best available demonstrated control technology_ 
Supporting data and rationale are contained in this document. 
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SECTION I 

CONCLUSIONS 

An engineering evaluation of graving dock and floating drydock 
operations was conducted to determine potential for generation of 
pollutants from s~ipbuilding _ and repair operations. The 
practicability of establishing numerical effluent guidelines was 
evaluated. Current techniques employed by shipyards were evaluated 
with respect to practices which reduce constituent levels in 
discharges and with· respect to variations in repair practices, within 
the industry. 

The conduct of the work involved contacts with thirty-eight shipyards, 
engineering visits with data collection in seven - shipyards, and 
sampling during ship repair operations in two shipyards. 
_~dditionally, prior work conducted by the EPA, discharge data 
collected in response to NPDES discharge permit monitoring, and 
relevant literature prepared by the EPA, Navy, and private shipyards 
were evaluated. 

This industry is such that numerical effluent limitations are 
impractical and difficult to apply in a manner which could be 
monitored; therefore, guidance is provided for controlling wastewater 
pollutant discharges which require that best management requirements 
be applied. 

The quality of the water discharged from drydocks is highly dependent 
upon the process used for removal of paint, rust, and marine growths 
from the metal surfaces of ship hulls. These materials are found 
mixed in the spent blasting material. Rust and marine growth removed 
from the sides of the ship may increase quantities of solids in the 
waste stream. 

Spent paint contains compounds of copper, zinc, chromium, tin and 
lead, as well as organotin compounds (References 5, 6, 8, and 15). 
Copper, Zinc, chromium, and lead have been identified as priority 
pollutants and as such, their discharge must be subject to control. 
The paint contributes to tr.e solid load in the waste stream as well as 
coming in- contact with stormwater, flooding waters, hosewater, and 
water spills. Additionally, it can bewashed'vpushed, or blown into 
uncovered drains or shore waters. -

Antifouling paints are of particular concern. Toxic constituents, 
such as copper or organotin compounds are used in these paint 
formulations. Of special concern are the new organotin antifouling 
paints due to irritant and toxic effects of the paint. 
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The evaluation of literature, observations, and da1~a leads to the 
following conclusions: 

1. segregation of water, except rainwater, from debris on 
drydock decks and removal of debris, spent 'paint and 
abrasive are the two most practical meth()ds for redu.cing 
discharge of solids and wastewater. 

2. Yards servicing freshwater vessels genereLlly do not use 
abrasive .blasting in preparing the hull for painting; 
therefore, some recommendations have been identified to be 
deleted for yards not using abrasive blasting .• 

3. Existing floating drydocks cannot be effec:tive1y monitored 
by normal sampling procedures because 'Welter drains from a 
rising dock through many scuppers, thE~ ends, between 
pontoons, and through other open.ings. 

4. On the basis of available sampling data, the type and the 
degree of activity occurring in the YClrds do not relate 
consistently to levels of pollutant constit:uents present in 
the wastewater. ' 

5. 

6. 

Innovations such as closed-cycle blasting and 
equipment are currently in the developmEmt stage 
promise for increased productivity, redu~:ion in 
particulates, improved working conditicms, and 
abrasive blasting debris accumulations in c~ydocks. 

vacuum 
and show 
airborne 
reduced 

Clean-up practices' appear to 
improving ~orking conditions 
access to work areas. 

enhance productivity by 
and allowing workers greater 

7. Current regulations governing oil and gx:ease spills are 
applicable to floating drydock and graving dock operations 
during flooding and deflooding • 

. .. , ~·i.-r0·"~~!""'-· 

The above concl.usions are based upon data obtained during sampling at 
two facilities and similar data from other sources. Due to the nature 
of the facilities, sampling techniques are diffic:ult to employ and 
estimates of the pollutant load had to take into accc.unt the processes 
occurring and the material balance. A complete . matE~rial balance on 
the abrasive and spent blasting debris was consiclered and rejected 
b~ause of inherent inaccuracies. such factors as the unkno~~ 
quantity of marine gro~th present on the hull, the unknown amount of 
paint to be removed, and uncontrollable introduction of rainwater and 
leakage into the abrasive blasting debris contribute to these 
inaccuracies. Further, dispersion of the material in the dock and 
possible inclusion of other forms of debris (for exaIllple, sediment and 
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marine organisms which enter during flooding and when the caissons are 
open) compound the problems associated with a material balance. 

Shipyard practices strongly influence the amount of waste produced. 
Yards servicing only freshwater vessels produce no spent antifouling 
paints since antifoulants are not used on freshwater vessels. 
Freshwater vessels are rarely subjected to abrasive blasting and thus 
the spent primer paint and abrasive are not produced. . .. ~. 

Shipyards serv1c1ng commercial oceangoing vessels remove paint, both 
antifouling and anticorrosive, to varying degrees depending on the 
desires of the vessel owner (Reference 5). Naval vessels are 
customarily stripped of paint to bare meta1, whereas commercial 
vessels are stripped to bare metal only occasionolly and more 
frequently only lightly sand blasted to prepare the surface to receive 
a coating of paint. Spent antifouling paint thus. occurs in shipyards 
in different quantities. 

Graving docks are subject to inflows of water which are not 
encountered with floating drydocks. Groundwater and gate leakage are 
the two major sources. Rainfall' varies with climate but constitutes a 
third source. These inflows must be pumped from graving docks while 
rainfall can run off floating drydocks. 

Leachability of spent paint is still an unresolved question. Primers 
containing lead oxide and zinc chromate do not appear to pose a 
leaching problem. Antifouling paints containing "copper oxide may be 
leachable under some con~itions, but factors such as amount of active 
material remaining, water pH, water temperature, water hardness, 
particle size, and contact time would appear to influence the amount 
of leaching if it occurs (References 5, 16, 17). organotin paints may 
present hazards to workers during dry abrasiye blasting. These paints 
are relatively new and little experience has been .accumulated with 
them. Major unknowns with organotin paints are those of the extent of 
emission of tribu~yl-tin-oxide or tributyl-tin-fluoride (toxicants), 
the conversion of the organotin compounds to inorganic tin, and again, 
the actual leachability of the material. Formulations are prepared in 
differing concentrations depending upon the owners' specifications and 
the expec'ted life of the protective coating. 

Finally, it is concluded that a number of management practices are 
used at some yards which can be adapted to the needs of other yards. 
All facilities practice some degree of clean up at var10US times, 
although this may consist only of moving debris out of the work area 
when accumulations interfere with operations. During the docking 
period, some facilities use extensive clean-up procedures. In general 
drydock clean up is directed toward improving productivity and safety 
and t'oward maintaining acceptable working conditions. Both mechanical 
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and manual methods are in use. Control of water flows within the 
dock, like clean-up procedures. vary with each facility_ 
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SECTION II 

RECOMMENDATIONS 

Based on the. results of various studies, it is concluded that 
n~erical effluent guidelines should not be established at this time 
because the nature of the discharge is not conducive to nUMerical 
monitoring. ~ 

On the basis of practices observed -in and reported by various 
shipyards,· Best Management Practices (BMP) have been developed for 
general·application, and should be considered as guidance in lieu of 
numerical limitations. These are recoIl'\lTlended - for shipyard 
implementation by each individual facility in a manner-best suited to 
the particular needs and conditions prevailing. The magnitude of the 
problem, equipment needed, physical drydock factors, scheduling, etc., 
should be considered in developing a plan to abate pollution. 

The ·following specific requirements shall be incorporated in NPDES 
permits and are to be used as guidance in the development of a 
specific facility plan. Fest Management Practices (BMP) numbered 2, 
5, 7 end 10 should be considered on a case-by-case basis for yards in 
which wet blasting to remove paint or dry abrasive blasting do not 
occur, and BMP 10 does not apply to fl.oating drydocks. . 

~ MANAGEMENT PRACTICES (BMP) 

BMP 1. 

B!4P 2. 

Control of Large Solid Materials. Scrap metal, wood and 
plastic, miscellaneous trash such as paper and glass, 
industrial scrap and wa~te such as insulation, welding rods, 
packaging, etc., shall be removed from the drydock floor 
prior to flooding or sinking. 

Control of Blasting Debris. Clean-up of spent paint and 
abrasive shall be undertaken as part of the repair or 
production activities to the degree technically feasible to 
prevent its entry into drainage systems. Mechanical clean
up may be accomplished by mechanical sweepers, front 
loaders, or innovative equipment. Manual methods include 
the use of shovels and brooms. Innovations and procedures 
which improve the effectiveness of clean-up operations shall 

·be adapted, where they can be demonstrated as preventing the 
discharge of soli~s.. Those portions of the drydock floor 
which are reasonably accessible shall be "scraped or broomed 
clean" (see Glossary) of spent abrasive prior to flooding. 

After a vessel has been removed from the drydock and the 
dock has been deflooded for repositioning of the keel and 
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BMP 3. 

BMP 4. 

BM? 5. 

BMP 6. 

BP-.!P 7. 

bilge blocks, the remaining areas of the floor which were 
previously inaccessible shall be cleanE~d by scraping or 
broom cleaning prior to the introduction of another vessel 
into the drydock. The requirement to clean the previously 
inaccessible area shall be waived either in an. emergency 
situations or w~en another vessel is ready to be introduced 
into the drydock within fifteen (15) hours. Where tides are 
not a factor, this time shall be eight (8) hours. 

Oil, Grease, and Fuel Spills. During .the drydocked period 
oil, grease, or fuel spills shall be prevel1lted from reaching 
drainage systems and from discharge wit~h drainage water. 
Cleanup shall be carried out promptly after an' oil or grease 
spill is detect~d. 

Paint and Solvent Spills. Paint and solverllt spills shall be 
treated as oil spills and segregated from discharge water. 
Spills shall be contained until clean-·up is complete. 
Mixing of paint shall be carried out in loc!ations and under 
conditions such that spill£: shall be prevented from entering 
drainage systems and discharging with the drainage water. 

Abrasive Blasting Debris (Graving Docks). Abrasive blasting 
debris in graving docks shall be preventecl from discharge 
with drainage water. Such blasting debz~is as deposits in 
drainage channels shall be removed pz:omptly and as 
completely as is feasible. In some ca~.es, covers can be 
placed over drainage channels, trenches, and other drains in 
graving docks to prevent entry of abrasive blasting debris. 

The various process wastewater streams shall be segregated 
from sanitary wastes. Gate and hydrostatic: leakage may also 
require segregation. 

segregation of waste water Flows 
process wastewater streams shall 
wastes. Gate and hydrostatic 
segregation. 

in Drydoc)~. The various 
be segregclted from sanitary 

leakage may also require 

Contact Between Water and Debris. Ship~)ard cooling and 
process water shal·l be directed so as tC) minimize contact 
with spent abrasive and paint and other debris. Contact of 
spent abrasive and paint by water can be reduced by proper 
segregation and control of wastewater' streclDlS.. When debris 
is present, hosing of the dock should bE! minimized. When 
hosing is used as a removal method, appropriate methods 
should be incorporated to prevent accumulation of debris in 
drainage systems and to promptly remove it from such systems 
to prevent its discharge with wastewater. 
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FMP 8. 

B~P 9. 

BMP 10. 

Maintenance of ~ Seals and Clos·ure. Leakage through the 
gate shall be minimized. by repair and maintenance of the 
sealing surfaces and proper seating of the gate. 
Appropriate channelling of leakage water to the drainage 
system should be acc9mplished in a. manner that ·reduces 
contact with debris. 

Maintenance of ~~h ~oil· Chutes, ~ Piping. -L~king 
connections, valves, p1pes, hoses, and soil chutes carrying 
ei the·r water .or wastewater shall be replaced or repaired 
immediately. Soil chute and hose connections to the vessel 
and to receiving lines or containers shall be positive and 
.as leak free as practicable. 

water B'iasting, Hydroblastinq. and water-~ Abrasive 
Blasting (Graving- Docks). When water blasting, hydro
blasting, or water-cone blasting is used in graving docks to 
remove paint from surfaces, the resulting water and debris 
shall be collected in a sump or other suitable device. This 

. mixture then will be either delivered to appropriate 
containers for removal and disposal or subjected to 
treatment to concentrate the solids for proper disposal and 
prepare the water for reuse or discharge. 
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SECTION III 

INDUSTRY CHARACTERIZATXON 

Shipbuilding and repair operations have been identified by EPA as a 
division of the ship construction industry requiring consideratio~ of 
point source discharges which may require effluent limitation 
guidelines. Specifically, graving docks and floating drydocks were 
evaluated with respect to the potential contamination of receiving 
waters by wastes generated by ship repair and discharged during 
flooding of graving docks, immersion of floating drydocks, or with 
drainage water and runoff. 

An engineering evaluation -of· graving dock and -floating drydock 
operations ~as conducted to determine potential for generation of 
wastes from shipbuilding and repair operations in graving and floating 
drydocks. The practicality of establishing numerical effluent 

. limitation guidelines was evaluated for drydocks. The evaluation was 
accomplished by: 

o Literature Fesearch 

o Contacting and visiting shipyards 

o Observing ship repair operations 
methods designed to reduce 
constituents in effluents 

and the applications of 
or eliminate poll~tional 

o Sampling and analyzing discharge constituents 

o Determining the feasibility of monitoring and sampling of 
waste discharges from graving docks and floating drydocks 

o Evaluating 
pollutant 
technology 
pollutants 

the technology being utilized _to treat or control 
discharges, and determining what applicable 

may be applied to minimize the discharge of 
to receiving waters 

.-

There are eighty-four shipyards in the United States that utilize 
graving and floating drydocks. Among the shipyards are sixty-eight 
graving docks and 151 floating· drydocks. In the conduct of the work, 
thirty-eight shipyards ~ere contacted on the Atlantic Coast, Gulf 
Coast, Great Lakes and Inland Waterways, and Pacific Coast to 
determine which of the major shipyards are involved in minimizing 
pollutant discharges by utilizing specific control methods. Seven 
shipyards, referred to in the text by letters A through G, were 
visited to observe operations and record data. Samples were taken 
from the discharges from graving docks of two of these seven 
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shipyards, shipyards Band D. The samples were amalyzed and the 
constituent levels were evaluated with respect t:o the ship repair 
operations being performen and the'discharge control methods utilized. 
The analyses were co~ined with other engineering data to establish 
the degree of pollutant discharges, to define the nat:ure of .discharges 
from ship repair operations, and to recommend effluent limitation 
guidelines if practicable or alternatives to guidelines if necessary. 

BACKGROOND - The Clean water Act 

The Federal water Pollution Control Act Amendments of: 1972 established 
a comprehensive program to "restore and maintaj~ the chemical, 
physical, and biological integrity of the Nation's waters." , Section 
101(a). By July .1, 1977, existing industrial dischargers were 
required to achieve "effluent limitations requiring t:he application of 
the best practicable control technology currently available" ("BPT"), 
Section 301 (b) (1) (A); and by July 1, 1983, these dischargers were 
required to achieve "effluent limitatiOns requiring t:he application of 
the best available technology economically achievable ••• which will 
result in reasonable furti:er progress toward the national goal of 
eliminating the discharge of all pollutants" ("BAT"), Section 
301 (b) (2) (A) • New industrial direct dischargers \«7ere required to 
comply with Section 306 new source performance st:andards (ltNSPS"),· 
based on best available demonstrated technology; and new and existing 
discrargers to publicly o\t.'Tled treatment works ("PO~~WSII) were subject 
to pretreatment standards under Sections 307 (b) and ~[c) of the Act. 
While the requirements for direct dischargers were t:o be incorporated 
into National Pollutant Discharge Elimination System (NPDES) permits 
issued under section IJ02 of the Act, pretreatment st:andards were made 
enforceable directly against dischargers to POTWs (indirect 
dischargers). 

Although Section IJ02 (a) (1) of the 1972 Act authorili:ed the setting of 
requirements for direct dischargers on a case-by-casE~ basis, Congress 
intended that, for the most part, control requirements would be based 
on regulations promulgated by the Administrator c.f EPA.. Section 
304 (b) of the Act required the Administrator topromtllgate regulations 
providing guidelines for effluent limitations setting forth the degree 
of effluent reduction. attainable through the application of BPT and 
EAT. Moreover, Sections 304 (c) and 306 of thE! Act required 
promulgation of regulations for NSPS, and sections 3(]14 (f), 307 (b), and 
307 (c) required promulgation of regulations for pretreatment 
standards. In addition to these regulations for· des:ignated industry 
categories, Section 307 (a) of the Act required the~ Administrator to 
promulgate effluent standards applicable to all dischargers of toxic 
pollutants. Finally, Section SOl (a) of the Act authorized the 
Administrator to prescribe any additional regulations "necessary' to 
carry out his functions" under the Act. 
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EPA was unable to promul~ate many of these regulations by the dates 
contained in the Act. In 1916, EPA was sued by several environmental 
groups, and insettlement of this lawsuit EPA and the plaintiffs 
executed a "Settlement Agreement", whi.ch was approved . by the Court. 
This Agreement required EPA to develop a program and adhere to a 
schedule for promulgating for 21 major industries BAT effluent 
limitations guidelines, pretreatment standards, and new source 
performance standar~s for 65 "priority" pollutants and classes of 
pollutants. See Natural Resources Defense Council, ~ v. Train, 8 
ERC 2120 (D.D.C. 1976), modified March 9, 1919·. 

On December 21, 1971, the President signed into law the Clean Water 
Act of 1911. Although this law makes several important changes in the 
Fe~eral water pollution control program, its most significant feature 
is its incorporation into the Act of several of the basic elements of 
the Settlement Agreement' program for toxic pollution control. 
Sections 301 (b) (2) (A) and 301 (b) (2) (C) of the Act now require the 
achievement by July 1, 198q, of effluent limitations requiring 
applipation of BAT for "toxic" pollutants, including the 65 "priority" 
pollutants and classes of pollutants which Congress declared "toxic" 
under Section 301(a) of the Act. Likewise, EPA·s programs for new 
source' performance standards and pretreatment standards are now aimed 
prinCipally at toxic pollutant controls. Moreover, to strengthen the 
toxics control program, Congress added section 30Q(e) to the Act, 
authorizing the Administrator to prescribe "best management practices" 
("BMPs") to prevent the release of toxic and hazardous pollutants from 
plant site runoff, spillage or leaks, sludge or waste disposal, and 
drainage from raw material storage associated with, or ancillary to~ 
the manufacturing or treatment process. 

In keeping with its emphasis on toxic pollutants, the Clean Water Act 
of 1911 also revised the control program for non-toxic pollutants. 
Instead of EAT for "conventio!,)al" pollutants identified under Section 
30Q(a) (Q) (including biological oxygen demand, suspended solids, fecal 
coliform and pH), the new Section 301 (b) (2) (E) requires achievement by 
July 1, 19SQ, of "effluent limitations requiring the' application of 
the best conventional pollutant control technology" ("BCT"). The 
factors considered in assessing BCT for an industry include the costs 
of attaining a reduction in effluents and the effluent reduction 
benefits derived compared to the costs and effluent reduction benefits 
from the discharge of publicly owned treatment works (Section 
30Q(b) (Q) (B». For non-toxic, nonconventional pollutants, Sections 
301 (b) (2) (A) and (b) (2) (F) require achievement. of BAT effluent 
limitations within three years after their establishment or July 1, 
198Q, ~hichever is later, but not later than July '1, 1981. 
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SU~MARY OF METHODS USED FOR DETERMINING THE PRACTIC~~ITY Ql EFFLUENT 
LIMI~ATIONS GUIDELI~AND STANDARDS Q! PERFORMANCE 

The recommendations and standards of performance prclposed herein have 
been developed in the following manner. 

Industry and waste Load Categorization 

The industry was first studied to determine whether or not separate 
limitations and standards ,,·ould be required for different divisions 
within the category. Factors cOrlsidered included thc~ nature of the 
physical facilities involved, the types of activities performed, 
processes within each activity, and materials used. 

Raw waste characteristics were then identified. This included 
analyses of (1) the sources and volumes of watelr required in each 
process, (2) non-process .related sources of wastes and wastewaters, 
an:! (3) the components potentially present in wastewiiters. 

Wast~'aters originating from the vessel in drydock included sanitary 
wastes and cooling water. (sanitary wastes are not included in the 
scope of this document). Dock originating wastewatelrs were identified 
as gate and dock leakage, rainfall, water from occasional wet blasting 
operations, and water use1 in flooding the 'drydoc:::k for docking and 
undocking of the vessels. 

The major concern with respect to potential pollution problems 
identified as spent paint and abrasive blastin~J material. 
cleaning practices were found to vary wi thin each yalrd contacted, 
the magnitude of this potential problem likewise varies .• 

was 
Hull 
and 

RecOIr.mendations for reQucing or eliminating poten1::ial environmental 
hazards have been based upon information obtained ill the course of 
this effort, prior tf:ork performed by other olrganizations, and 
literature available as reference material. 

Treatment and Control Technologies 

The range of control and treatment technologies within the industry 
was identified. Included were both treatment technolLogy and operating 
practices. Applicabill.ty and reliabili.ty of eac::h treatment and 
control technology ~ere investigated, as was the required time for 
implementation. In addition, environmental impacts of such 

. technologies upon other pollution problems,' such as air and solid 
waste, were identified. 

12 

NWMAR 116972 



~~. 

Enqineering data was obtained from a nUmber of sources including EPA 
and u.s. Navy research information, EPA, Navy and St.ate environmental 
personnel, trade associations, published literature, qualified 
technical consultations, and historical information on effluent 
quality and quantity. In addition, on-site engineering visits and 
analytical programs were conducted at specific shipyards and other 
shipyards were. contacted for information. Table 111-1 describes the 
extent of this shipyard information acquisition program. NPDES permits 
and water pollution control plans for these facilities were reviewed. 
Fesults of monitoring required under the permits were of value when 
samples were taken at outfalls directly related todrydock operation • 

category 

Graving Docks 

East Coast 
Great Lakes 
Gulf Coast 
west Coast 

Total 

. Table 111-1 

SUMMARY OF SHIPYARD INFORMATION 
ACQUISITION PROGRAM 

Total in 
category No. 
of Docks (NO. 
of shipyardsl 

Contacted . Visited 

'39 (14) 
8 ( 5) 
3 ( 3) 

18 ( 5) 

68 (27) 

No. of Docks No.. of Docks 
(No. of Shipyards) iNo. of Shipyards) 

15 ( 6) 
8 ( 5) 
o ( 0) 

12 ( 4) 

35 (15) 

5 (2) 
2 (1) 
o (0) 
4 (2) 

11 (5) 

Floating Drydocks 

East Coast 
Great Lakes 
Gulf Coast 
West Coast 

Total 

58 (21) 
7 ( 3) 

36 (21) 
50 (23) 

151 (68) 

29 ( 8) 
1 ( 3) 

13 ( 6) 
30 (11) 

19 (28) 

3 (1) 
o (0) 
2 (1) 
4 (2) 

9 (4) 

Previous work has been performed by others in an effort to 
characterize and linli t discharges from "shipyard activities. .one such 
study by Hamilton Standard Division of United Technologies, Inc., 
reco~ended clean-up tect~iques rather than effluent limitations 
(Reference 1). 
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other studies have been performed in an effort to facilitate issuance 
of NPDES permits. The EPA office of Enforcement, Denver, Colorado 
conducted studies of San Diego and Newport News harbors. On the basis 
of its findings, housekeeping measures were recommended, primarily to 
prevent contact between water and spent abrasive and paint blasted 
from the vessels (Reference 2). 

various leaching studies' .have been performed to determine whether or 
not spent paint and abrasive 'are leachable. Section'V discusses the 
results of these studies. These previous efforts have been considered 
in the current work. 

Cost information was obtained directly from industry during Shipyard 
visits, from engineering firms, equipment 'supplie~s"and from the 
literature. These costs have been used to develop general capital, 
operating, and total costs for each treatment and control method. 
This generalized cost data was used to estimate ·the costs of Best 
Management Practices in Section VIII. 

Selection of Facilities 

From the total population of drydocking facilities thirty-eight were 
contacted by telephone to obtain information on practices and 
operations, seven were visited by project personnel, ,and of the latter 
group two were selected for sampling of wastewater dU:E:'ing operations. 

Shipyards contacted by telephone, were located in all ,geographic areas 
of the continental United States. Visits were c(:>nducted to yards 
located on the East, West, and Gulf Coasts, and on t1he Great Lakes. 
sampling was conducted on the East and West Coasts. 

GENERAL DESCRIPTION OF INDUSTRY 

Activities Carried ~ At Shipyard Facilities 

The shipbuilding and repair industry is engag(ed in buil4ing, 
conversion, alteration, and repair cjf all types of ships, barges, and 
lighters. These activities encompass a broad range of functions, such 
as: erection of structural steel frameworks and fastening steel plates 
to the frame~ork to form-a hull; application of paint systems to hull; 
installation of a variety of mechanical, electrical, and hydraulic 
equipment within the structure; repair of damaged vessels; replacement 
of expended or failed paint systems; and restoration c)f malfunctioning 
equipment and systems to operational condition. Typic::al of the trade· 
skills involved in this industry are: shipfitter.s; metalsmiths; 
welders and burners; machinists; electricians and electronic 
technicians; pipe fitters and coppersmiths; carpen1::.ers, jOiners and 
patternrnakers; painters; riggers and lab~~ers;; blacksmiths: 
boilermakers: and foun~rymen. Not all of the listed activities, 
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'functions, or trade skills are utilized at every facility. SOme of 
the functions require placing the ship into drydock, e.g., replacing 
underwater paint systems. Only those facilities providing drydocking 
capabilities are covered in this document. 

Graving Dock Description 

Graving docks are constructed with sides and a bottom and with a gate 
at the water end. The bottom is located below ,the adjacent water 
surface level with sufficient depth to allow floating of a vessel into 
the dock. Operations consist of positioning keel blocks on the bottom 
of the dock to match the keel surface of the ship, flooding the dock 
by opening valves, opening the gates, positioning the vessel over the 
keel blocks, closing t~e gates, and pumping the water out of the 
graving dock. During maintenance operations, the graving dock is kept 
dry by sump or stripping pu~ps which remove fluids and water by 
providing suction t~rough drains located at low points in the dock. 
After completing operations on the vessel, the dock is flooded, the 
gates are opened, ,and the vessel is floated out of the dock. The 
gates to the graving dock are closed and the water is pumped out to 
make preparations for receiving another vessel, or, if identical 
vessels are being maintained, the next vessel is moved into the dock 
~rior to removing the water. 

Gra~ing docks are usually constructed of concrete although they may 
occasionally be of timber or steel sheetpile cell construction. 
Figure III-I illustrates typical cross section and plan views of a 
concrete graving dock and includes the designations of drydock 
features. 

The preferred method of entrance closure is by floating caisson. 
Other available types of closure are: miter gates, flap gates, set
in-place gates, sliding, caissons and rolling caissons. Floating 
caissons are watertight structures with flooding and dewatering 
systems for operation. For design of hull, floating stability, and 
all operational purposes, they ar~ symmetrical both transversely and 
longitudinally. Miter gates were probably the first satisfactory 
mechanical gates. 'Each closure consists of a pair of gate ,leaves, 
hing€d at the dock walls, swinging horizontally so that when closed, 
the free ends meet in fitted contact. Gates are moved by means of a 
hawser to a nearby power capstan. The sides and bottoms of the gates 
bear against seat.s in the drydock walls and floor. A flap gate is a 
rigid, one-piece gate hinged at, its bottom, and swinging downward and 
outward. It is a compartmented structure with means for varying its 
bouyancy for raising and lowering. Set-tn-place gates are in various 
forms, and may be built in one piece or multiple sections. They are of' 
beam and plate construction, with reactions'carried to the walls by 
girders and to the floor by beams. Sliding caissons and rolling 
caissons are built-in box shapes, mounted on hardwood sliding surfaces 
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or metal rollers which move them into or out of" place. They may be 
equipped with air chambers for bouyancy which reduce the work of 
moving. 

There "are three general methods used for admitting water into graving 
docks. These methods are: (1) through culverts built into the lower 
parts of sidewalls and connected to floor openings spaced along a dock 
length, (2) through culverts passing transversely under the floor near 
the entrance with openings leading upward into the floor, or (3) 
through ducts in an entrance closure caisson."" /.~::: , 

Graving docks have two dewatering systems. The collector channel, a 
wide, deep, grating covered open culvert leading to the pump suction 
chamber, handles the greater portion of water p~ped out of the 
flooded graving dock. Installation of a" settlin"g basin may be 
"justified because abrasive materials harmful to pumps and pump 
fittings may be washed off a graving dock floor into the pumping 
system where damage may result. 

The main dewatering system of a drydock usually includes: (1) the 
suction inlet located within the dock chambers; (2) the suction 
passage and culvert; (3) pump suction chamber; (4) pump suction 
bells;(S) pumps; (6) disctarge, check, and gate values; (1) discharge 
culvert including backwash trash rack; and (8) hinged stop gate. 
Where pumping plants are designed to remove water from more than one 
dock, additional sluice gates are required to permit independent 
pumping of the docks. At least two main dewatering pumps are usually 
required to achieve reasonable dewatering times. 

A secondary system collec~s the last few inches of water blanketing 
the graving dock floor. This system has sloping longitudinal floor 
drain culverts near the si~ewalls which lead to collector channels at 
pump wells. The culverts may have rectangular cross-sectional areas 
of several square feet. They are covered by securely anchored strong 
gratings. Drainage and sump pumps, of lesser capacity than the main 
dewatering pumps, are provided to remove seepage, precipitation, 
caisson and valve leakage, and wash water, and to clear the dewatering 
pump suction chamber and drainage system. 

-
Ships in graving docks ~o not ordinarily fill all their own 
requirements for mechanical services essential for work, habitation, 
comfort, and protection. Some services, particularly those required 
for repairs and cleaning associated with the docking operations, must 
be supplied from dockside facilities. Such services ~nclude the 
delivery of steam, compressed air, water, systems for tank cleaning, 
and oxygen and acetylene or electricity for welding. Utility services 
are provided to ships in drydock by lines from service galleries 
located around the upper perimeter of the dock. The drydock also has 
a tank cleaning system. Means must be provided to" keep a docked 
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vessel far enough above the floor to permit work on' its keel, giving 
proper allowance for removal or installation of sonar domes, rudders, 
propellers, and similar parts. Blocking arrangements are laid out in 
the dock in accord~ce with the docking plan for each individual 
vessel. Keel blocks are placed under the longitudinal centerline keel 
of the vessel. Bilge or side blocks are located according to 
dimensions indicated in the table of offsets on the vessel's docking 
plan. In some cases, block slides are built· into the dock itself. In 
addition, such supporting facilities as industrial shops, 
transportation facilities, weight and materials handling equipment, 
personnel and storage facilities are normally located in close 
proximity to drydocks. 

F~oating Drydock Descripti~u 

As implied by its name, a floating drydock floats on the water with 
the bottom of the drydocked vessel above the water surface. The 
floating drydock is a non-self-propelled mobile structure. The 
floating drydock consists of a platform and associated ballast tanks 
used to raise ships above the water level for work Which requires 
exposure of the entire hull. Ballast tanks are flooded and the dock 
platform is submergen to a predetermined level beneath the water's 
surface. A ship is then ~oved over the dock and positioned over 
preset keel and bilge blocks on the floor of the dock platform. This 
position is maintained as the ballast· tanks are dewatered. Dewatering 
the ballast tanks lifts the ship and drydock platform floor above the 
surface of the water (P.eference 4) •. 

The following discussion of the sinking and reflo,ating procedures 
along with a schematic representation of the acti.on is quoted fx:om 
Appendix A of Reference 4. 

"Many different types of floating drydocks have been developed. 
The specific characteristics of the vario,us types differ 
considerably as a consequence of the different requirements 
dictated from considerations of technical, operational, or 
strategic nature. However, the basic general features and· the 
related term.inology are, more or less., the same for all types of 
docks. 

'Figure III-2 illustrates the various parts of a typical floating 
drydock. The nomenclature used in the figure is standard. -- .... 

'The lower, horizontal portion of aU-shaped tro,ugh which forms 
the dock structure is called the pontoon. The top of the 
pontoon, the pontoon deck, forms a platform on lI!l'hich are three or 
more rows of blocks which support a ship when docked. The 
pontoon constitutes the main platform .for the work to be 
performed on the docked ship. In order to increase the working 
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platform, cantilevered extensions, outriggers, are fitted at the 
ends of the pontoon deck. The outriggers do not bear any part of 
the ship's weight, but are particularly conveniEmt for setting up 
staging around the ends of a long ~hip. 

'Above the two sides of the, pontoon stand the side walls. The 
side walls extend vertically to form, with the pontoon, the U
shape of the dock trough. The top of the side walls is 
sufficiently high as to be afloat when the dock is submerged to 
receive the largest ship it is capable of Clocking. The side 
walls usually extend to the full length of the dock. The top 
deck of each side wall provides the necesf5ary equipment and 
working space for handling the ship's dockin~J lines. Gantry 
cranes required for handling material travel ,911 tracks along the 
length of the top decks. . 

'Flying bridges are often installed at one or b)th ends of the 
top decks, to provide personnel passage betwf:!en the top decks. 
They consist of hinged cantilever arms, which can be swung open 
to permit the ship to enter or leave the dock. 

'Most of the space contained within the pontoon and side walls is 
utilized as ballast tanks. The admission ()f water to or its 
removal from these spaces creates the forces that cause the dock 
to submerge or rise. The remaining space consists of chambers 
which keep the dock afloat and their size determines the limit to 
which the dock will submerge when all ballast tanks are full. 
Spaces, termed buoyancy chambers in the pont:.()on and the safety 
compartments in the wing walls~ SE:!rve this purpose. These 
buoyancy chambers, not being subject to fl~)ding, may also be 
utilized to accommodate machinery, equipment, ~:!rsonnel quarters, 
mess rooms, worksh0p.s, and stowage spaces. 

'The larger floating drydocks are sectionalizf:!d to facilitate 
movement overseas and to render them capablE:! of self-docking. 
They can transit the Panama Canal. 

' .. 
'One type of floating drydock, \ the closed basin, ARD type, 
differs somewhat -in design and operation from the other docks. 
The forward end of-the dock is closed by a' structure resembling 
the bow of a ship; the aft end is opened and closed by operation 
of a stern gate. Lift forces are provided by emptying the 
ballast tanks and by emptying the dock basin. 

'Figure III-3 shows typical inside and outside '\Tater levels for a 
complete docking cycle." 
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Shipyard Practices 

This sp.ction is limited to discussion of those ope:~ations normally or 
most frequently performed in dry:3.ock with full recol~ition that almost 
the entire range of activities listed in ItActivitiel6 Carried out at 
Shipyard Facilities" above are available and nnay on' occasion be 
required. The basic functions of a drydock are the construction and 
repair of ships ann the cleaning, and painting of ships' bottoms, 
propellers, rudders, and. the external parts below the water lineo 

Drydocks provide access to the ship's bottoJll and ut:ilities services to 
shipyard personnel. Drydocks supply gas, e14ectricity, steam, 
compressed air, fresh ~ater, and salt water to the ship in drydock 
from lines attached to or embedded in the drydock. Processes involved 
in drydocking include docking, undocking, tank cle~~ing, abrasive and 
chemical paint removal, painting and mechanical repair of various 
ships' parts. Mechanical repairs of machinery, welding, cutting of 
plates, and alterations of a ship's structure .are other functions 
performed in drydock (Reference 5). 

Tank cleaning operations remove dirt and sludges fr4)mfuel tanks and 
bilges on the ship. Workmen spray detergents, or hot water, into the 
emptied tanks by injecting cleaners into the stleam supply hoses. 
Spent wash water in the tanks is pumped by Whe4eler (TM) machines, 
which are combination pump and storage tank units, ·:into tank trucks or 
barges for subsequent disposal (Reference 5). 

The almost universally preferred method of preparing steel surfaces 
for application of a frest. paint system for saltwat4er immersion is dry 
abrasive blasting. For solely freshwater immersion, light 
hydroblasting (a water s\<>"eep) may be adequate to remove loose, flaking 
or non-adhering paint in preparation for refurbishilllg paint systems. 

With tt.e exception of the closed-cycle blast machinces being currently 
being developen and evaluated, all blasting prfesently carried out 
within drydocks is done manually. Three manual blasting methods are 
used within drydocks, and the characteristics of the debris produced 
by each method are markedly different. 

Dry abrasive blasting is a process by which the blaf3ting abrasive is 
conveyed in a< medium of high pressure. air, through a nozzle, at 
velocities approaching 450 feet per second. This type of blasting 
produces the highest relative amount of dust, and resulting residues 
are dry. Dry blasting is used for v~rtua1ly all tcmk interior work 
and extensively on exterior hull work (Reference 6) •• 

The two other manual blasting methods are wet abrasive blasting in 
which water replaces air as the propellant and wateJ::' cone blasting in 
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which a spray of water surrounds the air driven abrasive streams· 
(Reference 7). 

organotin antifouling paints may produce toxic dust if subjected to 
dry blasting. Thus, wet blasting techniques are used when removing 
these paints (Reference 6). Wet or slurry blasting is also used in 
cleaning special unde~ater equipment, such as resm-cons.tructed sonar 
domes, to protect them from damage (Reference 8). Wet blasting 
procedures significantly reduce dust occurrence. A rust inhibitor may 
be added to the water or slurry to prevent rusting of surfaces before 
painting. Rust inhibitor solutions may vary but usually will be 
composed of diammonium phosphate and sodium nitrite along with the 
abrasive grit and water. 

An abrasiveless method of blasting using jets of high pressure water, 
hydroblasting, has been demonstrated for some purposes. Generally, 
this ~ill only remove surface debris and loose or flaking paint. By 
qoing to very high pressures, on the order of 10.000 psi, adhering 
paint can be removed to bare metal. Hydroblasting is rarely used in 
shipyard operations. 

Blasting practices were found to vary widely between facilities. Many 
factors influence this, some of which are discussed later in this 
section. Table 111-2 summarizes the blasting practices us.ed in 
shipyards visited during the conduct ·of this study. Type of blasting, 
frequency of occurrence, amount of paint r~oval, and blasting medium 
are qualitatively indicated, as are the type and number of docking 
facilities. 
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Table 111-2 

ABRA.S1V~ BLASTING 

r Usual Amount Blasting 
Ship- Facilities Type of Frequency of Medium* 
yard FD GD Blasting Paint Removal 

) 

A 3 1 Dry usually Usually to Camel 
Bare Metal Black 

B 0 5 Dry usually Depends on Black 
Vessel, Sand Beauty 
Sweep to 
Bare Metal 

C 0 2 Dry Rarely None NA 

D 2 3 Dry, Also usually Usually to' Kleen 
Closed Cycle Bare Metal Blast 

E 0 1 Dry usually Depends on. Kleen 
Vessel Blast 

F 0 2 Dry Rarely only for . Black 
Repair Work Beauty 

Campbell 
Black .2 

G 2 0 Dry Usually Depends on Sand 
Vessel, NE!Ver Blast 
to Bare ME!tal 

*By trade name. 
FD : Floating Drydock, GD = Graving Dock, NA = Not Applicable 
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, of t.he seven facilities visited, none uses wet b1asting routine~y and 
only one indicated its' use on rare occasions.. Shipyard Fuses 
abrasive blasting only in 'conjunction with repair work such as 
wel1ing. 

There are two techniques in use for dry abrasive blasting. Th~ first, 
generally known as "sand sweep," is frequently used on. commercial 
vessels to remove marine growth, fouling and delaminating coatings 
only in preparation for refurbishment or renewal of paint systems. 
The second, more frequently used on naval vessels, removes marine 
growth, fouling, and all pa'int down to "white metal" and abrades the 

.metal substrate to provide a suitable surface for adherence of a 
comple~e fresh coating system. 

The following procedure quoted from Reference g., describes the entire 
cycle of abrasive blasting. ~t applies equally well to dry or wet 
abrasive blasting except for addition ,of water at the appropriate 
point in the cycle. It should be noted tbat the full cycle is not 
carried out at all shipyards - e.g., some facilities have the grit 
delivered to their site in the hoppers from which it flows into the 
pressure pot. 

"Procedure 

o Abrasive is delivere~ in large quantities as a free flowing 
material by covered railway hopper-car or dump truck. 

o Abrasive is transferred from shipping unit to storage areas 
by allowing abrasive to flow from shipping unit onto 
conveyer belts that dump it into·forklift hoppers or 
directly into storage bins. Usually, abrasive storage will 
be covered by a permanent structure Or temporary covers 
(canvas or plastic tarpaulin). 

o When abrasive is required, large hoppers, in excess of 6-ton 
capacity, are loaded by scoop tractor or vacuum loaders. 
When full, these hoppers are transferred to the job site by 
forklift truck. 

o Abrasive from these hoppers is transferred into the pressure 
pots, usually by ~ravity feed. 

o Finally, the abrasive is propelled from the sandblast nozzle 
by compressed air to forcibly impinge on the surface being 
cleaned. 

o Spent abrasive, paint particles, fouling organisms, and 
other debris fall to the drydock floor. 
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o The debris from the sandblast operations 
scoop tractors, hand shovels, and/or 
transfer to hoppers or ~kip boxes .• 

is picked up 
other met.hod 

by' 
for 

o In some shipyards, spent metallic abrasive is reclaimed and 
reuse1, but abrasive contaminated with antifouling paint is 
discarded in designated landfill areas." 

The abrasive may be either metallic or nonmetallic. Practically all 
blasting is done ,with certain by-product mineral abrasives which are 
low in free silica,content. The specification (Reference 10) used by 
naval shipyards purchasing grit allo~s a maximum of 5 percent free 
silica content. The constituents of abrasive blast materials 
currently in use by u.s. Naval Shipyards. are shown in TableIII-3. 
Rationales of naval shipyards for purchasing particular abrasives 
include: lo~ free silica content; less dusting; performance; 
availability; and price (Reference 8).' Commercial facilities use the 
same or similar materials for like reasons. 

Ships in drydock may be painted internally, on t.he hull and on the 
superstructure. Because the painting of the superst.ructure does not 
require a dry hull and because drydock availabil.ity is limited and 
expensive, superstructures are frequently painted while the ship is at 
berth or at sea. The bulk of painting activity in aL drydock is on a 
ship's hull and internal fuel and water tanks. Anchor chains, anchors 
and portable ships' machinery are frequently placed on wooden pallets 
in the drydock for painting. Paints applied to protect metal from 
corrosion or fouling are sprayed onto most surface=:; although painting 
of irregularly shaped objects such 'as chains is sClmetimes perfollT\ed 
with brushes. Occasionally paints are applied to flat or gently 
curving surfaces by roller. 

There are two kinds of paint spraying equipment in use. One uses a 
stream of compressed air to convey the paint from ccmtainer to surface 
being painted. A newer method rapidly increaf~ing in use employs 
hydrostatic pressure to convey the paint. It is clclimed that airless 
paint spraying is more efficient because of very lO~i paint loss due to 
drift or overspray. Almost all of the paint is applied to the 
intended surface. Estimates of losses due to dl:ips, spills, and 
overspray range from l.to 2~ for airless paint spraying. Observations 
'd1lring shipyard visits of spills while mixing, nc)ticeable over~pray 
from airguns, and concentrations of droplets on the surface of water 
running through drainage gutters generates morE~ confidence in the 
higher than in the lower figure. occasionalry, flowing water is 
purposefully used to carry spilled paint into drainage gutters. 

Anticorrosive and antifouling paints are typically used on ships in 
drydocks. To these paints may be added differing pigment materials 
such as lampblack, red iron oxide, or titanium dioxide to achieve a 
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Table 111-3. CONSTITUENTS OF ABRASIVE B~ST MATERIAl 
AT NAVAL SHIPYARDS ' 

CO:'STlTUEtrrS S BY WEIGHT (SEE NOlS) 

... 
~ Q ... - ... Q 

W ... >C C -~A:ILITY 2 co - 0< W 

.~ 2 0< C 2 ... 0< !i co 0< 
co 0 :IE: 0< co ..... - - :IE: ::: 0 

~5 
2: VI 

>< :IE: VI ~ U ~ w 
t-Eit!,.S I YES 0 ::> VI VI :IE: = - - z: - < - ... ::> .., 

.~ z: 
~ z: U ~ \ :IE: z: - =: ~ ~ 

co ...J VI ::> c:J co CI. = .... 
= < co ...J ~ co ~" Q ::c: - c - Co> CI. <: VI Co> U U f- :IE: 

PORTSMOUTH 

BLACK OlAMON! 28 6.14 21 1.1 43 .95 .04 

PHILADELPHIA 

POLYGRIT 42 12 .03 11 2 1 17 .7 1 

NORFOLK 

-- I BLACK BE.AUTY 35 4 2 23 1 1 34 

CHARLESTON 

SAF-T-BLAST 28 21 SO 1 

ONG BEACH 

KLEEN BLAST 19 19 9 2.9 4B .1 .22 

1ARE ISLAND, 

5REEN DIA."lOND 23 .6 1 23 .05 52 .04 

PUGH SOUND 

SLACK Dlf,MONO 17 22 .7 9 3 .2 36 .• 6 .5 
~OCK-\o:OOL 16 26 2 9 3 1 39 .2 .5 

SLAG -
!PEARL HARBOR 

SLACK DIA."lOND 19 19 9 3 48 .1 .22 

~AH 

.>P.HN DIA."lOND 23 
I 

.6 1 23 .05 52 .04 

< 
W ~ 2 ~ 
>< -co VI III: 

::> 
N W .... 
z: ..... ~ - III: ::> 
N "- VI 

.15 

13 

3 01 

12 
4 

.3 01 

NOiE: Totals may not equal 100 due to rounding off. Since percentages vary 
between lots, these values are approximations of the average. 
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Table :II:I-4. COMPOSITIONS OF FORMULA PAINTS 

Formula No. Mil. Spec. No. Composition Ib/100 gal gal/100 gal 

117 
Anti-corrosion Mil.P-15328 PolyVinyl-butyral resin 56 6.10 

Zinc chromate 54 1.59 
Magnesium silicate 8 0.35 
Lampblack 0.6 0.04 
Butyl alcohol 125 18.·40 
Ethyl alcohol. 482 70.70 
Phosphoric aciG 28 2.0 
Water 25 3.0 

119 
Anti-corrosion Z,lil.P-15929 Rod Lead 220 2.9 

Vinyl resin 145 12.8 
vinyl chloride 
vinyl.alcohol 
vinyl acetate 

Tricresyl Phosphate 15 1.5 
Methyl Isobutyl Ketone 295 43.8 
Toluene 295 40.0 

121 
Anti-fouling l>li1.P-1593l Cuprous o~ide 1440 27.40 

Rosin 215 23.07 
Vinyl resin 55 4.69 
Tricresyl phosphate 50 4.92 
Methyl Isobutyl Ketone 165 23.88 
Xylene 115 15.42 
Anti-settling agent 5 to 9 0.62 

129 
Anti-fouling Hil.P-16.l89 Cuprous oxide 1120 21.62 

Lampblack 70 4.50 
Rosin 185 . 19.83 
Vinyl resin 45 3.84 
Tricresyl phosphate 40 3.93 
Methyl Isobutyl Ketone 200 28.92 
Xylene 130 17.42 
Antisettling agency 5 to 9 0.64 

lB30 Mil.P-24441 Thixatrope 10 to 20 
lB29 Polyanide 20 
lB27 polyamide adduct 280 to 320 
150 Magnes~um silicate 250 to 600 
151 Titanium dioxide 5 to 600 
152 Butyl alcohol 253 to 304 
~53 Copper phthalocyanine 

blue 0 to 1 
~54 Yellow iron oxide 0 to 500 
155 Red iron oxide 0 to 300 

Epoxy resin 500 to 586 
Naptha 215 to 258 

Anti-corrosive Diatomaceous silica 0 to 150 
Lampblack 0 to 18 

lb 

1020A Vinyl resin 161 16.1 
Anti-fouling -bis (Tributyltin) oxide 38.3 4.0 

Tributyltin.fluoride 167 16.1· 
Carbon black 19.4 1.3 
Titanium dioxide 7.2 0.2 
Ethylene glycol mono-

ethyl ether acetate 28 3.4 
Normal prepanol 102 15.1 
Normal butyl acetate 400 54.8 
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particular decorative or camouflage effect. Table III-4 presents the 
chemi~al composition of the most commonly used external hull paints on 
navy ships. 

" The anticorrosive paints are either vinyl or vinyl and lead based, or 
are of the newer epoxy type which is slowly supplanting the vinyl and 
vinyl-lead paints. Substantial quantities of both types of paints are 
being used in shipyards, .~·ith some epoxy paints of unknown exact 
compositions being supplied by manufacturers but having 
characteristics essentially similar to the Navy standard formula. 
Path types of paints ~ill be removed by atrasive cleaning methods. 

Antifouling paints are designed to prevent growth and attachment of 
marine organisms on hulls of ~hips by releasing minute quantities of 
toxic substances in the immediate vicinity of. the hull surface. 
copper-based paints using cuprous oxide have been the standard for 
many years (Reference 5). The use of organotin paints is very recent, 
but growing. Tributyl tin fluoride (TBTF) and tributyl tin oxide 
(TBTO) are the principal toxicants. Table III-5 identifies some 
orqanotin antifouling paints commercially available. 
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Identification 

M.I. Formula 1020A 

Devran MD-3198 

~mercoat 1795 

Tarset 305 

Andrew Brown Colortox 
(Broli te Z-Spar) 

M.I. Formula 1010 

M.I. Formula 1028 

Biomet 

M.!. Formula 1011 

Devoe XM-075 

Rustl::an VY-5529 

Glidden No-Cop AF 

Table 1II-5 

COMPOSITIONS OF 
ORGANOTIN ANTIFOULING PAINTS 

contents 

Vinyl/TBTO/TBTF 

Vinyl/TBTF 

Vinyl/TBTO 

C_oal tar epoxy/TBTA 

Vinyl/TBTF 

Vinyl/TBTO/10,10 1 -oxybis
phenoxarsine 

Vinyl/rosin/TBTF/CU20 

Vinyl/TBTF 

Vinyl/TBT neodecanate/TBTF 

EpOXy/CU20/TBTO 

. Vinyl/TBTF 

Vinyl/TBTO 

International Tri-lux 40 Vinyl/TBTF 
(wide spectrum AF, Mark I) 

International Tri-lux 68 Vinyl/TBTF 
(wi1e spectrum AF, Mark II) 

Note: TBTO; Tributy~ Tin OKide 
TBTF :: Tributyl Tin Fluoride 

Reference 11 
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The industrial operations carried out in drydocks result 
considerable amounts of debris collecting on the dock floor. 
debr is consists of: 

in 
This 

o Marine organisms removed from the hull by washing or 
blasting 

o Spent grit from abrasive blasting (whether Wet or dry) 

o Old paint particles, flakes, and chips abraded from the hull 

o Rust particles and flakes abraded from the hull 

o Fresh paint drippej, spilled, or oversprayed onto the other 
debris during application to the hull", - machinery, or 
equipment. 

These materials have constituents that are potential pollutants to 
adjacent navigable wat~rs. In addition to the pollution potential, 
the deLris is a hindrance to further industrial operations in the 
orydock, a wear hazard to dewatering and drainage pumps, a weight 
addition to floating drydocks, and an inconvenience to people who 
must work in the dock. All shipyards clean up and remove the debris 
but there is wide variation in the frequency, technique, and 
thoroughness. 

In addition to ship repair and maintenance practices, other factors 
can affect the kind and amount of wastes generated in drydock. During 
the conduct of this study it was established. that wide differences 
exist between practices at shipyards and between conditions existing 
at each yard. These differences also influence the waste load 
generated." Among the factors noted as having impacts upon waste 
generati~n are: 

o Location - fresh vs. saltwater 

o Type of ships serviced 

o Extent of utilization and time of stay in dock 
-

o Type of facility~ configuration, and ag'e 

o Clean-up practices . -'-". - "'.":- ~ : '- " 

Table III-6 summarizes, for facilities visited, factors relevant to 
the drydock location which bear upon the quantity and type of waste. 
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Table 1II-6 

LOCATION FACTORS 

t 
Type of Predominant Predominant 

Ship- water at Vessel . Type of 

yard Location Facility Climate service Vessel 

~ East coast Brackish Moderate ocean Commercial 

B East Coast salt Moderate ocean commercial 
& Naval 

C west coast salt ~oderate ocean Commercial 

D west coast salt very I?ry Ocean ~ , I;. Naval 

E west Coast Salt Very Dry ocean tlaval & 
commercial 

F' Great Lakes Fresh Moderate Inland Commercial 

G Gulf coast Fresh wet 1nl'and Commercial 
& Ocean 
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The facilities located in the Great Lakes and Gulf Coast areas were 
both on river sites. The Great Lakes yard, however, services only 
inland waterways vessels while the Gulf Coast yard services both ocean 
and inland vessels. ~_ll other yards which were visited service 
pr~dominantly oceangoing vessels. Also shown in Table 111-6 are the 
ownership, com~ercial, or naval, of the ships predominantly serviced. 
The two factors, ocean vs. inland, and naval vs. commercial, have a 
major influence o~ the operatipns in the dock and the wastes produced. 
oceangoing vessels . generally 'require antifouling paints while 
freshwater vessels as a rule do not. Thus, antifouling paints are 
re~oved from oceangoing vessels when repainting is needed. This does 
not occur in strictly freshwater operat~ons. 

The seven facilities visited included two on the west Coast, three on 
the East Coast, one on the Gulf, and one on the Great Lakes. Of these 
seven, two facilities had freshwater locations, four had ocean 
locations, and ·one was located on an internal body of water. Two 
facilities were naval and the balance were commercial. Finally, the 
age and condition ranged from over fifty years and poor to one year 
an1 excellent. 

Naval vessels enter drydock for extensive maintenance. During the 
course of this maintenance, the antifouling and anticorrosive paints 
are removed to bare ~etal. Extensive paint removal is not usually 
practiced an commercial vessels. In general, freshwater commercial 

. ships may receive no blasting prior to repainting, while naval vessels 
are completely refurbished from bare metal. Thus, larger quantities 
of spent paint and abrasive usually result from work on naval vessels 
than from commercial ships. 

A number of other factors act to create differences in drydocking and 
service practices between naval and commercial vess€ls. Commercial 
vessels customarily are drydocked annually or biennially for 
inspection. During 'trese drydockings, hull repainting may be 
undertaken; however, due to the short period between drydockings, 
paint deterioration may not be severe and fouling may be minimal or 
moderate. In addition, commercial vessels are usually on the move and 
this reduces the amount of fouling which can occur. Naval vessels are 
drydocked on a routine basis at intervals of up to five years or more.' 
Hull preparation and painting must be designed to provide protection 
for that period, thus cleaning to bare metal and the use of higher 
levels of toxicants in antifouling paints than for commercial vessels 
is customary. Since naval vessels spend much time in port or at 
anchor, the potential for fouling is more severe than if they were 
underway. 

Utilization of the drydocking facilities is another factor which 
influences the total waste generated. Yards contacted indicated 
utilizations ranging ,from 30 percent to 100 percent. A drydock which 
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is used infrequently or intermittently has less tc)tal discharge than 
one operating on short turnar9und service at a .high rate of 
utilization. Facilities used for new construc~ion usually are 
occupied by the activity for periods in excess of Cl year. In this 
case, not only is the nature of the operation less productive of waste 
(no spent paint to blast off the hull) but flooding ocCUrs only at 
launch, once per ship. Table III-7 summarizes dryd(~k utilization for 
yards contacted and visited. 
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Table 1:11-7 

UTILIZATION OF DRY DOCKING FACILITIES 

Percent Utilization1 

.Q.::1.Q. 31-50 51-10 71-90 

Facilities Visited 

Graving Docks 2 0 2 2 
Floating Drydocks 0 0 3 5 

Facilities Contacted 

Graving Docks 2 1 2 5 
Floating Drydocks 6· 13 6 20 
Building Basins2 

Totals 

Graving Docks " 1 4 1 
Floating Drydocks f; 13 --2. 25 

'I'OTAL 10 20 13 32 

lInformation not available: Graving Docks, 8; 
Floating Drydocks, 20. 

2Not included in totals. 
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Geographic factors can have a major influence on wastewater from 
drydocking facilities.. especially from graving ciocks. Facilities 
located in regions of low rainfall do not have the problem of 
rainwater wetting the dock floor.' This is true for both floating and 
graving docks. Thus .. in those regions spent paint cind abrasive can 
usually be removed dry. Graving docks are fr~JUently.subject to 
groundwater flows into the dock basin. This problem can be critical 
in some docks .. while for others .. it does not·exist. Unless provisions 
are made to confine and remove rainfall and groundwater (hydrostatic 
relief water), waste may be carried from the dock wi1~h the dewatering 
flows. 

The age and type of construction of the drydock can have an effect on 
the control of waste. Older docks, both floa.ting ani! graving, tend to 
be constructed with raised slides for bilge blocks.. These produce a 
series of wide channels.. usually six to ten feet wide, extending from 
the dock center line to the side. Debris from ~)rk in the dock 
collects in these channels and cannot easily be removed. Newer 
construction has favored flat dock surfaces, with keel and bilge 
blocks being moved by cranes. Debris can be more ea.sily removed from 
docks of this construction. Facility size .varies cc)nsiderably.. For 
graving docks this in fl uences the volume of harbolt:' water introduced 
during flooding and subsequently removed during dewatering. Floating 
drydocks, during sinking and refloating, are e~)sed to the normal 
flow of the body of water in which they are lO~ited, and actual 
contact of water with'the floating dock may be many times the volume 
of water needed to flood a similarly sized graving dl:>ck. Table 111-8 
lists dock sizes and appro)rimate volume (without veslsel occupancy) for 
graving facilities contacted during this study. . ' 
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Table 111-8 

GRAVING DOCK LENGTHS .AND wATER VOLUMES 

Length of Dock, Meters, (Feet) Approximate Dock 
Volume, No Vessel, 

<122 122-183 183-244 244-305 >305 Million Cubic Liters, 
1<4001 1400-6001 1600-800} 1800-1000) I> 10001 ~Million Gallons) 

-" 

X 3.8 (1.0) 
X 13.2 (3.5) 
X 13.2 (3.5) 

X 20.4 (5.4) 
X 21.2 (5.6) 
X 21.6 (5.7) 

X 23.8 (6.3) 
X 26.9 (7.1) 
X 27.3 (7.2) 
X 28.0 (7.4) 
X 28.4 (7.5) 
X 32.9 (8.7) 

X 34.1 (9.0) 
X 39.0 (10.3) 

X 42.2 (11.2) 
X 57.2 (15.1) 
X 57.2 (15.1) 
X 58.3 (15.4) 
X 59.8 (15.8) 

X 70.8 (18.7, 
X 73.4 (19.4) 
X 73.8 (19.5) 
X 79.9 (21. 1) 

X 92.2 (24.1) 
X 111.3 (29.4) 
X 143.8 (38.0) 

X 173.4 (45.8) 
X 177.1 (46.8) 
X 190.11 (50.3, 
X 213.1 (56.3) 
X 2114.1 (64.5) 
X 244.9 (64.7) 

Totals: 
1 9 11 3 8 
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SECTION IV 

INDUSTRY CATEGORIZATION 

INTRODUCTION 

In the development of effluent limitations guidelines and recommended 
standards of performance for new sources in shipbuilding and repair 
drydocking operations, consi~eration should be given to whether the 
industry can be treated as a ~hole in the establishment of uniform and 
equitable guidelines or whether there are sufficient differences 
within the industry to justify its division into subcategories. For 
the shipbuilding and repair industry, the foilowing factors were 
considered as possible just-ification- for industry subcategorization: 
dockside and shipboard activities, facility age, salt vs. freshwater 
facilities, climate, and types of dock. After.review, only salt vs. 
freshwater, and type of dock (graving docks and floating drydock) were 
found to have distinguishable charact~ristics. 

INDUSTRY SUBCATEGORIZATION 

Althoush there exist distinguishing characteristics, this document 
will apply to all types of docks with consideration given to site 
specific differences. Quantitative effluent guidelines, however, 
cannot be established at this time for drydocks because the nature of 
the discharge is not conducive to numerical monitoring. 

There are such a ~ide range of dockside activities, nearly all of 
which are carried on to some degree in all shipyards, that dockside 
activities are not an acceptable ~riterion for subcategorization. 

FACTCRS CONSIDERED 
; 

Salt ~ Freshwater 

Freshwater yards perform very little abrasive blas~ing compared with 
shipyards serv1c1ng saltwater-vessels. Also, antifouling paints are 
pot applied to freshwater ships. Since blasting is less common and 
usually on a much smaller scale, and the spent paint composition is 
different, shipyards servicing only freshwater vessels and those 
performing neither ~et blasting to remove paint nor dry abrasive 
blasting should receive consideration with respect to their 
difference.' Best Management Practices (See section XI) numbered 2, 5, 
7 and 10 do not apply for facilities where wet blasting to remove 
paint or abrasive blasting does not occur. 
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Others 

All other factors were rejected as bases for subcategorization. Since 
the ~jor source of potential water pollution appears to result from 
blasting, the type of shipyard activities also was eliminated as a 
possible subcategory. Age of the facility does not directly affect 
the degree or cOJ'llposition of discharge. Because rainfall is 
unpredictaole and occurs to some extent at all yards, climate also was 
rejected as a basis for subcategori2ation. 

The type of dock, graving dock or floating drydock, also was 
considered and rejected as a subcategory. The same kinds of 
activities are undertaken in both types of docks and thus the same 
kinds of debris and discharges are produced. The only difference is 
that during flooding and deflooding, the water passes over the ends of 
an1 through scuppers along the sides of floating drydocks while it 
flows through one (or more) collector channels in graving docks and is 
tliscl".arged using pumps; 
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SECTION V 

t-IATEP llSE 1\ND WASTE CHARACTERIZATION 

INTRODUCTION 

This section describes the sources and uses of water by ships and 
industrial operations ,in drydocks. Potable water for use within 
drydocks is drawn from the same source that supports the rest of the 
shipyard, almost-invariably the contiguous municipal system. Non
potable water is most freauently dra~~ directly from the adjacent 
navigable waterway. 

, -
Water requirements in a drydocking facility can be broadly classified 
as tt.ose necessary for the ship and those associated wit~ the drydock. 
The former include potable water, cooling water, water for fire 
control, and other shipboard uses of water. All but potable water are 
usually supplied from harbor water. Drydock water uses are harbor 
water for flooding, hosedo~~ of ship and dock surfaces, occasional wet 
blasting water, and dust scrubber water. ,POtable water is used in 
drydocks for tank cleaninq operations. 

Wastewaters similarly originate from both ship and drydock sources. 
Ship wastewater includes cooling water discharge, tank cleaning 
wastes, and occasionally boiler water discards., Drydock wastewater 
includes deflooding \(ater, hydrostatic pressure relief water and gate 
leakage, rainwater, water use~ in hosedow~, tank cleaning water, water 
from wet blasting if practiced, and any water enter ing the drydock 
from the ship or other sources. -

Figure V-l is a schematic of water and wastewater flows 
drydock, the drydocked ship, the drydock floor or deck, 
harbor~ The figure represents a graving dock; however, if 
indicated by asterisks are deleted, it also represents a 
dry dock. 

between a 
and the 

the flows 
floating 

Not all flows are present in all drydocks. For example, potable water 
is supplied to vessels - only if crews are on board. Hydrostatic 
pressure relief water is encountered in, vast quantities in some 
graving docks, others are completely free of this stream. 

In addition to water and wastewater flows, Figure V-I shows materials 
entering the drydock as a result of the repair ,activities and the 
disposition of waste materials resulting from repair activities. 

Table V-I summarizes the observations made during the shipyard visits. 
The numbered streams in Figure V-l are identified as to their presence 
or aLsence at each of yards A through F in 'Table V-I. 
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Table V-1. 
t 

WATER AND WASTEWATER PRACTICES, SHIPYARDS 
A THROUGH G 

. t 

Water and Wastewater Flow Streams(l) 
In shipyard Visited 

r. 

stream SHIPYARD 
Number A B C D E F G 

Water Into Dock 

1 P P P P P A A 
2 P P P P P A A 
3 p p P P .. P P P 
4 P P I I I P P 
5 p P NA P P A NA 
6 A I A I J: I A 
7 P P NA P A I NA 
8 P p P P P P P 

Materials Into Dock 

9 I I I I I I I 
.10 P P P P P P P 
11 P P P P P I .p 

Waste f.1aterials to Disposal 

12 I I P P I I I 
13 I I I I I I I 
14 P P P P P I P 

wastewater to Harbor 

15 p P P P P A A 
16 P P NA P I I NA 
17 P P I I I I P 
18 P P NA P P A NA 
19 P p P P P P P 
20 A I- A I I I A 

P - Present, A-Absent, I-Intermittent, NA-Not Applicable to 
Floating Drydock 

(1) Refer to Figure V-1 for stream Designation 
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SPECIFIC WA~ER ~ 

water £:Q.!: On Board Ship ~ 

Once they 
towns with 
wastewater 
use, and 
ship. 

have been placed in service, ships are e.:;ruivalent to small 
respect to their demand for water . and tlhe generation of 
discharges. The following subsections de:scribe the source, 
discharge of water for each of the seve:E:'al systems aboard 

Potable Water. Potable water is drawn from supporting facilities when 
in drydock. In addition to direct consumption by the resident 
population, it is used for food preparation and pers~)nal hygiene. The 
wastes from these uses become sanitary discharges which are covered by 
other regulations and will not be further considered in this document, 
except that they should be segregated frQl1'l process eWi:lstewaters. 

Fire Protection Water. While underway, fire protection water is drawn 
into the vessel from water being sailed upon. It is pres~urized for 
use in the fire protection system. When in drydock, the supporting 
facility provides non-potable pressurized water for this purpose. 
These facilities are sometimes used to hose down the dock after 
dewatering or to help accumulate residual spent abralsive into piles. 

Boiler Feed Water. Boiler feed water is either distilled from 
seawater-or-drawn from supporting facilities such as drydocks. ~his 
type of water is often required to be purer than potable waterG In 
use, it is converted to steam in the boiler. Thest.eam is then used 
to drive propulsion, electric generation, and other machinery as well 
as for heating purposes. Finally, the spent steam iis condensed into 
",·ater and fed back into the boiler to begin the cycle again. Since 
this is a closed cycle system there are not normally any discharges 
other than unintended leaks. A ship entering a drydock for 
maintenance and repair may occasionally have work do:ne on the boiler 
while in drydock, and it may be necessary to drain ~the water from the 
boiler. 

Cooling Water. Most of the water supplied to a ship in drydockfor 
cooling is non-potarle water. Freshwater cooled ,equipment normally 
uses a recirculating chilled water system in which little water is 
wasted. Cooling water is used as a flow through heat sink for air 
conditioners and various pieces of machinery and elelctronic equipment. 
Waste cooling water is discharged from the ship.into the drydock in 
essentially the same condition as supplied. excelPt for temperature 
elevation (References 5 S 11). 
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Water !2£ Industrial ~ 

Very little industrial wastewater is generated by the processes 
carried out in drydocks. However, large amounts of water may pass 
through the dock basin. Almost none of the drydocks in current use 
have design provisions for the segregation of contaminated and non~ 
contaminated flows nor do they ensure isolation of non-contaminated 
flows with regard to possible contamination from contact with 
industrial process debris. This section will list and describe the 
source of all waters, except shipboard wastes, which can be 
potentially contaminated ,by flow through the drydock basin. 

Launch Water, Graving Docks. As described earlier a graving dock 
basin is ordinarily flooderl and dewatered twice. for each ship docked. 
water is admitted from the adjacent navigable waterway through the 
flooding culverts or· through the caisson gate. The gate is removed, 
the ship is brought into or removed from the dock, the gate is 
replaced, and the water is returned to its source by pumping. The 
quality of the water on return, relative to the source, is dependent 
upon ·the condition of the admitted water and upon any material which 
may be added to or removed from it while in the drydock. . 

Launch Water, Floatinq Drydocks. There are two water flows involved 
in the sinking and raisinq of a floating drydock. Sinking and raising 
ordinarily happens twice for each ship docked. 

The first· water flow is. that water admitted to the ballast 
compartments from the adjacent navigable water body to sink the .dock. 
After, the ship is brought into or removed from the dock, water is 
pumped from the ballast cOmpartments back to the source body, without 
further contamination, to raise the dock. The return flow may be of 
better quality than t~e source since the ballast co~partment may serve 
as a .settling tank. 

The second water flow is source body water flowing through the open 
ends of the U-shaped trough of the dock and over the pontoon deck as 
the dock is sunk. As the dock is raised, water flows out through the 
ends and other openings of the drydock and returns to the source b9dy. , 
The quality of the return flow, relative to the source, is dependent 
upon the amount and type of. debris that is present on the side wall 
and pontoon deck surfaces prior to sinking as ~~ll as upon the time of 
exposure and rate of runoff during dewatering. 

Wash~. When a graving dock is flooded, it 'simulates a large 
settling tank. Silt and mud which enter the dock with the flooding 
water deposit on the floor following dewatering. Marine organisms may 
be trapped inside the dock basin when the caisson is replaced for 
dewatering. If the dock is not cleaned after dewatering, the dead 
marine organisms begin to decay and the silt. and mud becomes very 
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difficult to remove (Reference 11). In those facil.ities where these 
problems occur, the drydock floor and other sur faLces are hosed with 
water from ,the pressurize~ non-potable system. )~isting practices 
generally may include hosing (1) after initial dewatering and (2) 
prior to final flooding. These practices were obsel~ved in two of the 
seven shipyards, visited •. There are other timE~s of i'ntermittent 
hosing. For in~tance, water from drydock and ship hOSing generates 
liquid industrial waste and, in addition, may convey solid wastes to 
the drainage tunnel for direct discharge to the recE~i ving waterbody. 

Washdo~~ also occurs occasionally after clean tlp. Solid wastes 
remaining after mechanical and manual clean up effctrts may be flushed 
by hosing into the drainage tunnel or mixed with fl.ooding waters on 
the dock floor during the undocking cycle (ReferencE~ 6). 

f. :."!T:;..J • ,-.' ~.--

Washdown in a floating drydock is identical to that~ in a graving dock 
except that the ",Tastes are discharged' over the flide of the dock 
instead of into the drainage tunnels. 

Integrity Testing. Whenever any repair work is performed on the 
structure, fittings of a pressure vessel such as boilers, or whenever 
repair work involves penetration of ship's hull for weld repair of 
cracks or similar procedures, the final step in the process must be a 
test to demonstrate the strength or watertight~ integrity of the 
cOI1'lpleted repair. . --

Although it is not necessary that a. ship be in d]~ydock to perform 
repairs to pressure vessel equipment, this kind of work is frequently 
performed \t;hile a ship is drydocked. The usual procedure ·for 
hydrostatic testing,. of pressure vessel equipment f;tarts with a water 
rinse of the inside walls. The quality of water uSE~d depends on the 
type of equipment. Obviously, non-potable water jLs ,not permitted to 
enter a potable "'(iter system. Next, the equipmen1~ is filled with 
water of appropriate quality. Air is applied at tef;t pressure and the 
equipment examined for leaks. The rinse and t~est water might be 
discharged to the drydock but is more likely 'to be dumped to a holding 
tank on the ship for later use. -J.!. 

~ ".-' 'e"t"".:"': j .- ~~1".""", 

Whem repairs involving penetration of the hull of ship are performed, 
the watertight integri'ty of the completed repair if; usually tested in 
two ~ays. The first and preliminary method is to apply a stream from 
a high pressure fire hose on the repaired area ,ghile examining the 
other side for leaks. ThE' final method of testing jLs performed as a 
part of the undocking cycle. When the water le"el reaches a point 
just prior to floating the ship off of the blocks flLooding or sinking 
is stopped while a thorough inspection for leakfs is made inside the 
~hip with particular attention to repaired areas. 
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PROCESS WASTE CHARACTERIZATION 

Ship Originating wastes 

When a ship is drydocked r the quantity of wastewater generated depends 
upon the expected length of stay in dock and upon specific operations 
being performed on the ship during the docking cycle. Generally, 
ships drydocked for short periods and minor repairs operate as if they 
are Lerthed at a pier •. They require potable and non-potable water and 
generate waste~~ter. On other occ~sions when ships are drydocked for 
extensive overhaul, they may use little or no water. At the beginning 
of the docking period r the consumption of water for such purposes as 
cooling is at its peak. As systems that use water are shut down, 
water use decreases. A ship undergoing maintenance on its non-potable 
water system or with its crew disembarked may use no water. 

After the dock is dewatered, threaded studs are spot-welded onto the 
ship's hull, and metal scupper boxes are bolted on at each water 
discharge location. Soil chutes then are hoseclamped onto the scupper 
bo~es and suspended from the hull. Soil chutes are flexible hoses 
usually made of rubber-coated nylon or canvas. The lower end of each 
soil chute is fastened to the appropriate disposal system; for 
example, cooling water to dock overboard discharge. systems. Enough 
slack is left in the chute so it can be pushed aside if it interferes 
with rolling equipment. If soil chutes ~re properly maintained. this 
system is an effective means of segregating and carrying away ship's 
wastewater. It ~ould be desirable for the industry to adopt a uniform 

. standard for hose connections so as to eli~inate connection leakage. 

Cooling water. As mentionei in the paragraph on cooling Water, except 
for a slight temperature increase·. . non-contact cooling water is 
discharged from the srip into the drydock in essentially the same 
condition as supplied frOM the drydock non-potable water main. 
Reference 5 reports the following measurements taken at one West coast 
facility: nonpotable water supplied at 55°F; hon-contact cooling water 
discharged at 580F; drainage sump temperature measured at 60°F; and 
groundwater infiltration, in comparable volume to the cooling water 
discharge, at 70°F. 

Boiler Water. When ship's boilers are to be out of service for short 
periods, the preferred practice is to keep them completely full of 
very pure water. Under these conditions, there is no discharge.. In 
some cases, during maintenance or repair work performed on the boiler 
while a ship is in drydock, it may be necessary to pump the water out 
of the boiler. This one-time discharge will be sl~ghtly alkaline and 
contain a mixed sludge made up of phosphate and carbonate. The volume 
of this one-time. discharge is apptoximately twice the steaming 
capacity of the boiler. 
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Bilge Discharges. Pumpin~ oily wastewater overboard from bilges is 
prohibited by Coast Guard. Regulations. If an accidental discharge 
should occur, it is treated as an oil spill within the drydock a~d 
clean up is performed before discharge to ambient \l1aters. If an oil 
spill occurs during flooding or dewatering operatiom~, the· operation 
is stopped u~til the oil spill is cleaned up. 

Other. Although there are other discharges from the ship, such as 
wastes from the cleaning of tanks and voids, they clre generated by 
drydock industrial activity rather than ship operations and are 
therefore discussed in Hull Cleaning Waste below. 

Dock Originating Wastes 

Hull Cleaning waste. Several methods are used to remove paint, rust, 
and marine gro\\th, such as barnacles and algaf~, from the metal 
surfaces of ship hulls •. In all types of surface preparation, the old 
paint, rust, and. marine organisms are found m:ixed in the spent 
blasting media. The surface· preparation methods l!lre dry abrasive 
blasting, hydroblasting, wet blasting,· water cc)ne blasting .. and 
chemical paint stripping. Surface preparation methods, other than dry 
blasting, are not common in the industry. Hydroblasting iEl being 
tried at three of the shipyards contacted. Wet lblasting and water 
cone blasting is confined principally to Navy ship:s having special 
coat~ngs. Chemical paint stripping is rare and is ulsed only on small, 
localized areas made of more delicate materialise Each method is 
explained in greater detail below. 

Dry abrasive blasting (sandblasting, grit blasting), is the most 
common me~od of surface preparation. This method i$ used in varying 
detrees by 95 percent of shipyards contacted. When employed, spent 
abrasive is the principal source of solids in the drydock dischargec 
Particle sizes of the used grit range from fine dust to whole bits of 
abrasive, approximately one-eighth· inch in diameter. Some of the 
spent grit falls directly into drainage gutters, especially if a ship 
is large and the hull sits over the drains. The potential also exists 
for the abrasive to be washed into the drains from storm runoff, 
ship~oard wastewaters dumped on the dock, hosing, seepage, or other 
sources of water. The spent grit is, for the most part, settleable. 

Sometimes, sand is used as the abrasive, instead of utility slag or 
copper slag. Delicate equipment, such as sonar domes, are 
occasionally sand blasted. Rare aluminum-clad hulls are often blasted 
with sand instead of grit to minimize metal erosion during blasting. 
One problem with using sand instead of slag is the airborne 
particulates which are high in silica. The major water pollution· 
problem from sand usage is the possible discharge CJlf solids in the 
waste stream. 
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The major pollution problem from hydroblasting (Reference 1) is that 
the volumes of water used increase the potential that the paint and 
grit will be flushed into the drainage discharge. Any spilled oil or 
solvents used elsewhere might, be washed into drainage gutters. Since 
oxidation of the surface of the hull of the ship will prevent a good 
bond between the fresh paint and metal, rust inhibitors, which contain 
compounds such as sodium nitrite and diammonium phosphate, are used. 
(In fact, dry grit blasting is not performed during rainfall so that 
metal will not rust during or after blasting). Antifreeze may be 
added to the spray. This will be discharged into the wastewater 
streams along with the blasting water. Hydroblasting is not pre'ferred 
by ship repair facilities, because the resulting' surface' obtained is 
not as suitable for paint adhesion as the surface obtained by dry grit 
blasting. 

wet blasting uses a mixture-of grit and water. The water acts as the 
propulsion medium. The solids discharge potential, which is 
characteristic of dry grit blasting, exists as .well as ·the 
aforementioned problems of hydroblasting. 

Paint may be chemically stripped, rather than blasted, 'from more 
delicate apparatus such as sonar domes, antennas and deck machinery. 
Small articles may be dipped in some yards. Chemical paint stripping 
was not reported as being used in drydocks by any of the shipyards 
contacted or visited. 

Spent Paint, Rust, and Marine Organisms. Spent paint containing the 
priority pollutants copper, zinc, chromium, and lead, alon~ with iron 
oxides and marine organisms are removed from the sh1ps during 
blasting. The paint contributes to the solid load in the waste stream 
as well as being subject to contact with stormwater, flooding waters, 
hose water, and water spills. Ad~itionally, it can be washed, pushed, 
or blown into uncovered drains. 

Antifouling paints are of particular concern. Toxic constituents, 
such as copper or organotin compounds are used in these paint 
formulations. Rust and marine growth removed from the sides of the 
ship may increase quantities of solids in the waste stream. 

Fresh Paints ~ Solvents. Fresh paints contain a variety of metals, 
such as copper, 2inc, chromium and lead, as well as hydrocarbons which 
are not present in the use1 paint removed from the ship's hull. 
Solvents . generally are hydrocarbon based. Paints and solvents may be 
washed into drains; occasionally they are mixed directly over drains 
with spillage falling into the drains. Overs pray from the painting 
operation is estimated to. be between one and two percent. Paint was 
observed floating in discharge streams at one facility visited. 
organotin paint applicati,ons were not observed in any of the shipyard 
visits. . .. 
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Generally tttO types of paints are used on ship's hulls: antifouling 
and anticorrosive. Antifouling paints are toxic to prevent the growth 
of marine organisms. Cuprous oxid~ based paints haVE~ been used for 
this purpose for many years. Increased attention has been recently 
given to the use of organotin antifouling paint~;. Although the 
effects of organotin are not well documented, these compounds are 
reported to be more effective antifoulants than cop~!r based paints, 
and require a lower percentage of toxic oonsituents. 

There is a trend tottard epoxy-based anticorrosivE~ paints replacing 
,vinyl and vinyl-lead based coatings. Pigment ~lterials "such as 
lampblack, red-iron-oxide, an~ titanium dioxide c~e added to these 
paints. Anticorrosive additives are included in epolcy-based or vinyl 
base paints, usually in the form of zinc dus~. 

Grease and Oils. The major source of grease and oil I; is fuel oils and 
lubricants spilled on drydock floors. Spills mosi: frequently occur 

·when fuel and oils are transferred. Leaky hoses and connections, 
overflo\o\,~ of containers, and general carelessne~;s contribute" to 
spillage. When stripping fuel tanks, compartments, clnd when machinery 
is repaired, or a tank ruptures, oil and grease pollution potential 
increases. Spills can occur during refilling of fuel tanks at the 
conclusion of the drydock operations. It is reported that spills over 
100 gallons are rare. 

stormwater Runoff. storln\ .• ,·ater is a totally uncontrollable source of 
wastewater in drydocks. No method of confining riiinfall within the 
dock exists. Channels have been used to direct the water from the 
dock floor. The rna jor contribution of stormwater te) wastewater loads 
is to increase the quantity of discharge. When hea~"Y and sustained 
rainfalls occur, stormwater may transport solids to the drains. SOme 
drydocks located in dry climates have essentially no problems due to 
rainwater. 

Dock and ~ Seepage. Another source of wastewater is leakage around 
the caisson gate of graving docks. This flow of harlbor water into the 
dock can be caused by deterioration of "the "gate seals or by large 
pieces of refuse being trapped between the gate" and the dock when the 
caisson is replaced before dewatering. This wate~ flows across the 
floor and into the drainage system. Some graving docks are designed 
to a~low" relief of hydrostatic groundwater pressures through the 
sidewalls and floor. Relief waters also flow acros:s the floor and 
into the drain system. " 

- \' .-. :j\~:;' : ;. ... :..~~-;:-.; ~ 

:In some dock designs this water is isolated from ~the dock floor via 
dams and drains and is channeled directly into the 4~ainage trenches. 
Flows approaching 100 gal/minute are not uncommon. Floor originating 
relief waters commonly flow across the dock basin and into the 
drainage system. 
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Cleaning Waste. Detergents are used to clean water tanks, bilges, and 
fuel tanks. The detergents are combined with diesel oil in a one to 
ten ratio. After cleaning, tanks are rinsed with hot water. This 
process is a source of oil and grease as well as nitrogen and 

~ phosphorus co~pounds. . 

On rare occasions, delicate equipment, such as antennas and sonar 
domes, may be cleaned with detergents prior to painting,. 

Trash. cans, paper" bottles, rags, weld1ngrods, scrap metal, and 
pieces of wood are examples of trash found on a drydock floor prior to 
flooding. During dewatering, some of these wastes may be flushed out 
of the docks if they have not been removed. 

QUANTITATIVE ~ 

During the past several years, monitoring programs have been conducted 
at several shipyards. Some of the studies were performed by the 
shipyards while others were conducted by the government. Effluents 
from two shipyards ~ere sampled for this document and the results of 
all of these studies are. compared in this section. Additionally, 
leaching ,studies .are analyzed as well as the results of a sieve 
analysis of abrasive collected at one shipyard. Also included in this 
section is a discussion of the difficulties and limitations of 
effectively monitoring shipyard effluents.. . 

Sampling Results 

Tables V-2 through V-lO indicate ranges arid medians of results 
obtained during various sampling programs at shipyards A, Band D. 
Tables V-7 and V-IO combine the results of all data from Shipyards A 
an1 D respectively according to different aspects of the effluent 
discharge. 

Table V-2, for Shipyard A is derived from NPDES monitoring conducted 
by shipyard personnel. A monthly grab sample of the harbor water was 
obtained at the time of flooding. While 'a ship was docked, multi-day 
composites were collected 'at drainage pump discharges. 

Several sets of data exist-for Shipyard B. Both shipyard and EPA test 
results of the same sampling program are summarized (Tables V-3 and V-
4). This monitoring occurred during research for the Denver Rationale 
(Reference 2). Major differences in results are probably due to 
variations in laboratory techniques. For example, chromium levels 
found in the EPA results of the split sample are much higher than 
shipyard findings. This is due .to the use by EPA of a glass fiber 
filter and a Whatman tl paper filter during sample preparation. 
Additionally, limits on the accuracy of the testing methods may 
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explain discrepancies such as higher values for diss:olved solids 'than 
the corresponding total solids. 

Heavy blast.ing' and extensive painting of the doc1c:ed vessel occurred 
during the sampling period. Because the purpose of these tests was to 
prepare the Denver study (Reference 5). and was priCl1r to the issuance 
of NPDES permits, extensive clean up was not dictatE~. 

Grab samples were collected and composited duringr initial and final 
flooding and dewatering, a total of four compositedl samples. Also, 
two sequential samplers programmed to draw one sa~ple per hour were 
used to gain composited daily drainage samples. 

,,~ .-

NPDES permit monitoring data on dock drainage~a8 available for a 
thirteen-month period beginning February 1975. ~e shipyard initiated 
clean-up practices only during the final month, February 1976. The 
drainage pump discharge was sampled once per mon~h by yard personnel. 
Two or three grab samples were taken during a' pump cycle and 
composited (see Table V- 5).. ' ' 

Bittman Associates, under contract to EPA, conducteol a sampling study 
in April 1976. Grab samples of the harbor water WE!re collected 'prior 
to initial flooding and of initial and final floodecl docks. Also, a 
grab sample was obtained at every two-foot ,drop in the water level 
during the initial and final dewaterings. These Elamples were then 
composited. Additionally, combined samples WE~re collected and 
documented during drainage pump cycles throughotlt the monitoring 
period. Table V-6 presents the results of these t~;ts. 

During sampling at shipyard B, a "very light sand sweep·' (32 to 35 
tons of grit) of the docked ship, an ore carrier, tctok place, followed 
by anticorrosive touch-up painting', and applicatictn of antifouling 
paint. The hull was blasted to the light load linE~ only. Hoses were 
used to transport most of the shipboard waters to dl:~ain channels. At 
times, cooling water fell directly on the dock flOOJ~. Clean up, using 
manual shovels and front end loaders, ,took pl.ace just prior to 
flooding and undocking of the ship. :~'.'7j~:!:'~ '~~.:!' ••• , ,. 

Comparison of the various test results presents fE~W .contradictions. 
In nearly all cases; the minimum and median valuE~S were consistent. 
On rare occasions, high values did differ conside~ably. Table V-7 
composites the data on shipyard B. Regardles~J of the extent of 
painting, effluent levels rel1'lain constant. ·TherE~ is no apparent 
significant change in Shipyard B's NPDES monit~oring data during, 
before, and after clean-up procedures were initiated. It is, 
therefore, concluded that the nature of the dischar~re is not conducive 
to numerical monitoring. 

, .. 
.. ,-,1'"' 
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Data for shipyard D include both NPDES monitoring for 1915 (Table V-B) 
and sampling from May 1916 conducted for EPA (Table V-9). Shipyard 
personnel sampled during the second o~ third week of each month. The 
date was chosen and samplingaccurred regardless of shipyard activity 
or weather conditions. ~o samples were collected from· each dr~in. 
discharge, separately composited, and reported to fulfill NPDES permit 
requirements. . 

The May 1916 sampling thoroughly covered the docking procedure, 
including drainage discharges, regularly for ten days until the dock 
had been cleaned. Manual shoveling and sweeping, use of ' front 
loaders, and occasional hosing were performed to clean up 150 tons of 
spent abrasive used during the blasting to bare metal of the complete 
hull of a mediumsized Navy ship. Use of a closed cycle side blaster 
on about 25 percent of the-ship's hull limited the abrasive tonnage. 
Anticorrosive paint was then applied immediately to the ship's hull.' 
Antifouling paints were not applied during this sampling period. 

The sampling program 
flooding as well as 
monitoring period. 

included samples of the harbor water prior to 
two additional harbor samples during the 
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Table V-2. SUMMARY OF NPDES MONITORING AT SUIPYARD A 
AUGUST 1975 THROUGH ~EPTEMBER 1975 

Parameter 

pH 
Suspended solids 
settleable Solids 
Oil and Grease 
PbT' 
PbD 
CrT 
CrD 
CuT 
CUD 
SnT 
SnD 
CdT 
CaD 
ZnI 
ZnD 
AsT 
Asj2 
HgT 
Hqj2 

Harbor water 

Fange 

. High 

6.9 
9.0 

<0.1 
8.2 

<0.05 
<0.05 

0.02 
0.03 
0.47 
0.04 

<0.7 
<0.7 
<0.01 
<0.01 

0.149 
0.066 
0.02 
0.02 
0.0035 
0.0007 

6.7 
6.0 

<0.1 
1.2 

<0.04 
<0.04 
<0.03 
<0.02 
0.2 
0.03 

<0.4 
<0.4 
<0.01 
<0.01 

0.054 
0.027 

<0.01· 
<0.01 
0.0025 
0.0004 

All values except pH are in mg/l. 
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~linage water 

1 •• 0 
10 .• 0 

Range 

0 •• 1 
43,.82 
<0,.05 
<0 .• os 
<0.03 
<0.03 

0 .. 54 
. 0.04 
<0.7 
<0.7 
<0.01 
<0.01 

0.125 
0.04 
0.04 
0.04 
0.018 
0.0005 

6.8 
10.0 
<0.1 

1.71 
<0.04 
<0.04 

0.0.2 
0.01 
0.36 
0.04 

<0.4 
<0.4 
<0.01 
<0.01 

0.049 
0.038 

<0.01 
<0.01 

0 .• 0002 
0.0004 
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Table V-3. SUMMARY CF SHIPYARD TEST RESULTS 
OF EPA/SHIPYTIRC MCNlTORING I\T GO 'B-3 I\T SHIPYARD B 

MAY 1974 

Initial Initial Final final 
Fill . 1Je ... at~rjng Drainage Discharge !!!L OewaterinQ 

Raoqf! 

Parameter Y.UY! ~ High ~ !o1edian !!.!l!!! ~ 

pH 7.1 7.1 7.7 7.2 7.5 7.9 7.7 
suspended. Solids- 30.\) 3';.0 19,312.0 14.0 0.49 85.0 44.0 
Settleable Solids No Results No Result~ 200.0 <0..1 0.2 <0. t. <0.1 
PhT <O.CS <O.O~ 13.0 <0.05 0.21 0.075 «(\.05 
Ph!! <0.05 . <0.05 <0.05 <0.05 <0.05 <0.05 <1l.OS 
CrT 0.61 0.61 0.50 <0.25 0.]/1 (0.025 <:l.025 
crn 0.45 <'.45 0.79 <0.25 0.56 (0.025 <0.025 

U'I CU! (0.1 <<'.1 (,0.0 <0.1, 0.14 <0.25 <0.25 
U'I CuD <:l.1 <C.l <0.25 <0.1 <0.1 <0.25 <0.25 

snT /).11 0.11 C.204 <0.1 <1).1 <0.1 (0.1 
sno (0.1 <0.1 (0.1 (0.1 <0.1 <0.1 (0.1 
CdT <0. OS <0.05 <0.05 <0.05 (0.05 <0.05 (0.05 
CdO (0.05 <0.05 (0.05 (0.05 (0.05 (0.05 </).05 
ZnT <0.1 <C.l 4.7 0.17 ·0.112 0.23 <0.1 
ZoO <0.1 <0.1 n.15 <0.1 0.11 (0.1 <0.1 
As! <0.02 <0.02 lI. n (0.02 <0.02 0.15 0.12 
AsO (0.02 <'l.02 0.15 <0.02 (0.02 C.09 0.062 
fig! <0.0025 <0.0025 0.056 (0.0025 0.0035 0.00R8 (0.0025 
Hq,Q (O.C02S <0.C025 (0.0025<0.0025 (0.0025 <0.0025 -<0.0025 
FeT 1.42 1.42 1,250.0 1.8 5.S 4.2 1.5 
'FeD (0.1 <0.1 <'.16 (0.1 (0.1 <0.1 <0.1 
FlOw (1I\3 /,day) (579;,2) (344.5) (3411.5) 

Flow (qallday) 1!i3,000 91,000 97,000 
Volume of floode~ drydock ~ 1.1 x 105 m' (28.6 x 10' qallons,. 
All v4lues except pH are in. ~q/l. 
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Table V-II. SU"tMARY OF EPA TESTING OF 
EPA/SHIPYARt MC~ITORING OF GO '2-3 AT SHIPYA~D B 

MAY 197,. 

Init:ial Initial 
Fill Dewaterinq Drainage Discharge 

Range 

Parameter ~ ~ High ~ Mec!i~n 

suspended solids 2.0 2.0 20.0 2.0 -6.0 
PbT <0.01 <0.01 13.0 <0.01 0.11 
PhD <0.01 <0.01 1.2 <C.1 <0.1 
crT 0.02 0.02 1. :l :l.02 0.02 
crQ 0.03 0.02 O. ;2 :l.01 0.02 
CuT 0.06 0.07 29."0 0.1 0.25 
CuD 0.03 0.C8 4.S - 0.06 0.15 
SnT 5.0 5.0 11.0 <0.2 2.0 -"\ 
snD 5.0 II. C 3.0 <0.2 2.0 
CdT O. OS 0.05 0.:19 0.01 0.03 
CdD 0.07 O. OS 0.05 0.02- 0.03 
ZnT 11.0 0.11 39.0 , 0.211 0.27 
znD 12.0 0.111 11.1 0.16 0.26 
Hq! <0.0001 <C.OOOl 0.0003 <0.:1 001 0.:1 00 1 
H9,Q <0.0001 <O.COOl 0.0001 <0.0001 (1).0001 

Flow (mJ/!!ay) SO.S 311.1 110.0 . 
(qat/day) 11111.000 90."00 95.000 

Approximate voiume of filled drydcck - 1.1 x i~~ m' (26.6 x ,C~ gallons). 
All values except pH and flew ar~ in "9/1. 

"\ '" 

Final Final 
!ill... Dewaterinq 

Value ~ 

6.0 l.O 
0.2 <0.(11 

<0.01 0.0-1 
0.01t 0.011 
0.03 0.04 
0.13 0.06 
0.08 0.11 

0.05 0.07 
0.00 0.05 
0.5 0.32 
0.12 0.111 

<0.0001 .<0.0001 
<O.OOGl <(I.OO~l 
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'fable V-5. SU~ARY OF NPDF.S MONITORING O~ 
DRAINAGE DISCHARGE OF SHIPYARD 8 

FF.BRUARY 1975 THROUGH FFBRUARY 1976 

.mL!B-3 and '8-6 GO .B-5 and .n-7 GO "~-1 an j • p.- 1& 

Range ~ange F.:Jfl'(je 

High ~ Median High Low Median High ~ illcl.iru! 

pH 7.9 7.3 7.6 8.3 1.5 7.8 8.8 1.] 7~9 

suspended solids 62. ] 16.6 55.1 120.0 3.6 56.0 61.5 2.8 21.0 

Sett leable solids 3.0 <0.1 (1.'1 0.2 <0.1 0.1 (1.3 <tI.l <fJ.l 
Oil and Grease '6. , <0.1 1. ] 5.6 0.65 1..2 2.8 0.22 0.6 

PbT 0.64 <0.1 <0.1 0.27 <0.1 <0.1 3.19 <0.1 0.1 
PhD <0.1 <0.1 <C.l 0.14 <0.1 <0. , C.l11 <0.1 <::.1 
CrT ' 0.18 <0.1 <0.1 0.13 <0.1 <0.1 n.14 <0.1 <0.1 
CrD 0.12 <0.1 <0.1 <0.1 <n.l <1).1 <0.1 <no 1 <0.1 

\II 
CuT 1.2 0.1 0.15 0.75 <0.1 0.11 0.33 <0.1 fl. 12 

.... CUD <0.1 <0.1 <0.1 <0.1 <1).1 <0.1 <(1.1 <1).1 <n.l 
SnT <0.1 <0.1 <0.1 0.21 <0.1 <0.1 <3.1 <0.1 <:>.1 
SnD <0.1 <0.1 <0.1 O. 11 <0.1 <0.1 <C.l <').1 (I). t 
CdT <0.1 <0.1 <0.1 <0.1 <0.1 (0.1 «1.1 <0. 1 <(l.1 
CdD <0.1 <0.1 <0.1 <".1 <0.1 <0.1 <0.1 <0.1 <C.t 
ZnT 2.05 0.29 0.3] 1).8~ 0.13 1).3 r..18 <0.1 n. 11 
znn 0.1] <0.1 0.16 ~.21 <0.1 <0.1 <0., <,).1 <".1 
AsT (0.1 <0.1 (0.1 <0.1 <0.1 <0.1 <0.1 <~.1 <0.1 
ASO <0.1 <C.l <0.1 <1).1 <0.1 <0.1 <0.1 <n.l <('.1 
HqI <0.0025 <(/.0025 <0.0025 <0.0('25 <0.0025 <0.0025 <0.C025 <0.C025 <::.::025 
Item <0.0025 <C.0025 <0.0025 <0.0025 <0.0025 <0.0::25 <0.0025 <0.')025 <~. :;025 

rlo", (ml/day) 5,300.0 2,0114.1 3,510. II 11,51&2.7 1,135.6 2,6119.6 8,321.9 ',921.0 7,«;7:.8 
(gal/day, 1,1100,000 540,000 930,00l' 1,200,000 300,OCO 700,OaO 2,200,000 1,3!'C,~00 2,C(lO,OCI) 

~umber of Sa~ples 13 1]' 1) 

~11 valu~. e~cept pH and flo~ are in uq/l. 
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Table V-6. SfJM.HARY CF CONTRAC1'CR'S 
MO~ITORtNG AT SHIPYARD B 

APRIL 1976 

Har1::or Initial Initial Final Final 
Watel" Fill DeWatering Drainage Discharge Fill ~",at:erinq 

Range 

Parameter Val~ ~~ ~ lIigh Low Med!ag Value ~ 

pJl 7.CJ 8.1 8.0 7.7 7.8 7.8 7.8 
l'iuspended 
.,lJlids 12.0 q 1. 0 43.0 6R.0 13.0 2".0 26.0 "'.9 Settleable 
SoUds D.O· . 0.0 0.0 O.q 0.0 0.0 0.0 TRACE 

Oil clnd 
Grease <5.0 <5.0 <5.0 9.3 <5.0 5.0 5.l <5.0 

PbT 0.26 0.25" 0.39 (1.37 0.2 0.31 0.25 0.31 
PbD 0.26 0.25 0.16 0.23 (\.16 0.19 ~.25 0.31 
CrT (0.1 <0.1 <0.1 0.1 <0.1 <0.1 (0.1 <0.1 
Cro <0.1 <0.1 (0.1 0.1 <0.1 (0.1 <0.1 <0.1 
CuT (0.1 <0.1 (0.1 <0.1 <0.1 (0.1. <0.1 <0.1 

U1 
CuD (0.1 <0.1 <C.l <0.1 <(1.1 <0.1 <0.1 <0.1 

Q) SnT <2.0 (2.0 2.0 4.0 <2.(\ 3.0 3.0 <2.0 
sno <2.0 (2".0 2.0 3.0 <2.0 (2.0 2.0 <2.0 
CdT 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.(13 
CdO O. :n 0.03 0.03 0.03 0.03 0.03 (\.03 0.03 
ZnT (0.02 <0.02 (0.2 4.0 <0.Cl2 0.3 C.1 0.5 
Zn:Q <0.02 <0.(\2 (0.02 0.1 «(1.02 0.02 0.1 0.1 
MnT <0.1)6 0.1 0.1 C.2 0.06 0.1 (1.06 0.1 
MnD <0.06 0.06 0.C6 0.1 <0.06 0.06 0.06 0.1 
AST (0.02 <0.02 <0.02 (0.02 <(\.02 <0.02 (0.C2 <0.02 
AGD (0.02 (0.02 <0.02 <0.02 . (0.02 <0.02 (0.02 <0.02 
H'l! 0.0031 0.0027 0.0036 0.0021 0.C"2 0.001S 0.001 0.0017 
HqQ 0.0031 0.0027 0.0008 0.0021 0.0011 0.0015 0.001 0.0017 
NiT <0.2 <0.2 <0.2 <0.2 (0.2 <0.2· <0.2 <0.2 
NiD (0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 (0.2 
AIT <1.0 <1.0 <1.0 1.6 <1.0 <1.0 <1.0 <1.0 
AID (1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 
FeT 0.3 1.0 1.2 2.6 /).4 1.1 1.1 0.9 
Fe:Q (0.1 <0.1 <0.1 lI.l <0.1 <0.1 <0.1 <0.1 

Z Flow (mJ/day) 3.028.3 

~ 
(qal/day) 800.000 

s: Volume of filled drydock ~ 8.3 x 10' m' (22 x 10. qallons). » All val~es except pH and flc_ are in mq/l. 
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'table V-6. SU~MARY OF CONTRACTOR'S 
MO~ITORING AT SHIPYARD B 

APRIL 1976 

Harl:or Initial Initial Final Final 
Water' Fill Dewatering Drainage Discharge ll!.L Dewat:erinq 

Range 

Parameter ru~ ~ ~ IIigh 1m! Median Value Value 

pll 7.'1 8.1 8.0 7.7 7.8 7.B 7.B 
Ruspended 

.. !llids 12.0 q 1. 0 11).0 6R.O 1).0 211.0 26.0 ql.9 
S(>ttleable 
Solids 0.0 0.0 0.0. O. q 0.0 0.0 0.0 TRACE 

Oil and 
Grease <5.0 <5. I) <5.0 9. ) <5.0 5.0 5.3 <5.0 

PbT 0.26 0.25 0.39 (\.31 0.2 0.31 0.25 0.31 
PbD 0.26 0.25 0.16 0.23 (\.16 0.19 0.25 0.31 
CrT <0.1 <0. 1 <0.1 0.1 <0.1 (0.1 (0.1 <0.1 
CrD <0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 
CuT (0.1 <0.1 <0.1 <0.1 <0.1 <0.1. <0.1 <0.1 

U1 
CuD (0.1 <0.1 <C.l <0.1 <(1.1 <0.1 <0.1 <0.1 

(X) Sn! <2.0 <2.0 2.0 q.O (2.(\ 3.0 3.0 <2.0 
SnD <2.0 (Z.O 2.0 3.0 <2.0 <2.0 2.0 <2.0 
edT 0.03 0.03 0.03 0.03 0.03 0.03 0.03 O.OJ 

. CdD O.ll 0.03 0.0] 0.0] O.OJ 0.03 (\.03 0.03 
zni: <0.02 <0.02 <0.2 4.0 <0.(.02 0.3. o. 1 0.5 
ZnD <0.02 <0.02 <0.02 0.1 <0.02 0.02 0.1 0.1 
MnT <0.1)6 0.1 0.1 C.2 0.06 0.1 (\.06 0.1 
MnD <0.06 0.06 0.C6 0.1 <0.06 0.06 0.06 0.1 
AST (0.02 <0.02 <0.02 <0.02 <(\.02 <0.02 (0.C2 <0.02 
AGD <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
H'lI 0.0031 0.0027 0.0036 0.0021 0.C')12 0.001S 0.001 0.0017 
HqQ 0.0031 0.0027 0.0008 0.0021 0.0011 0.0015 0.001 0.0017 
NiT <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
NiD <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 (0.2 <0.2 
A1T (l.u <i.O ('i.o 1.6 (1.0 <1.0 (1.0 <i.O 
AIr; <1.0 <1.0 < 1. 0 <1.0 <1.0 <1.0 <1.0 <1.0 
FeT 0.3 1.0 1.2 2.6 /).4 1.1 1.1 0.8 
FeQ <0.1 <0. 1 <0.1 O. 1 <0.1 <0.1 (0.1 <0.1 

~I 
Flow (m' I'da y) 3.028.3 

(qal/day) 800.000 

Volume of filled drydock = 8.3 x 10' 111' (22 x 10. qallons). 
All values except pH and flc~ are in ~g/l. 

;a 
.....lo. 

.....lo. 

-.....J 
0 
I'V 
0 



z 
~ 
s: » 
;a 
.....lo. 

.....lo. 

-.....J 
o 
I'V 
.....lo. 

c.n 
'CI 

Tabll V-l SUMMARY or ALL HONITORING 
AT SIIJPJARD B 

Initial Ull Initial Dewatering 
Ran<Je R4n211 

Paumeter HIyh !:!!.!:! t1!!lli!l Il1gh LoW !!!!illi!l -
pll 8.1 1.1 (2J 1.1 (1) 
suspended 41.0 2.0 30.0 43.0 2.0 35.0 

Solid. 
Sett1tt.bll 0.1 0.0 (2) 0.0 (1) 

Sol1d. 
Oil , Gi .... 45.0 (1) 5.0 (1) 
1'IJ'r 0.25 .;0.01 <0.05 '0.39 <fl.01 <0.05 
PIJD 0~25 <0.01 <0.05 0.16 <0.01 <0.05 
CrT 0.61 0.02 <0.1" 0.61 0.02 <0.1 
crD 0.45 0.03 <0.1 0.45 0.02 <0.1 
CuT <0.1 0.06 <0.1 <0.1 0.07 <0.1 
Cuu <0.1 0.03 <0.1 <0.1 0.08 <0.1 
SnT 5.0 0.11 <2.0 5.0 0.11 2.0 
SnO 5.0 <0.1 <2.0 4.0 <0.1 2.0 
C<lT 0.05 0.03 ';0.05 0.05 0.03 .;0.05 
CdD 0.07 <0.03 <0.05 0.05 0.03 <0.05 
z,,'i' 11.0 <0.02 <0.1 0.11 <0.02 <0.1 
tnii 12.0 ';0.02 <0.1 0.14 <0.02 <0.1 
,.""T' 0.1 (I) 0.1 (1) 
linil 0.06 (I) 0.06 (1) 
A8T <0.02 <0.02 (2) <0.02 «:0.02 (2) 
ABU <0.02 <0.02 (2' <0.02 «:0.02 (2) 
"l)! 0.0027 <0.0001 <0.0025 0.0036 <0.0001 <0.0025 
119 0 0.0027 <0.0001 <0.0025 <0.0025 <0.0001 0.0008 
rUT <0.2 (1' 2.0 (1) 
fliii .;0.2 (1) 2.0 (1' 
AlT <1.0 (11 <1.0 (1) 
AlO .;1.0 11) <1.0 (1' 
ruT 1.42 1.0 (2) 1.U 1.2 (2) 
Fuii' <0.1 <0.1 (2' 0.1 <0.1 (2, 
Huiiibe&' o! 3 3 

All valu ••• XOlpt pi arl in .~/l. 

NUlllbere in puentheae. II indlcatl nUllber of tlaU 
perfoc .. d it different fra. "flUMber of Teat.". 

Drainage Di.chargo 
RanCJQ 

mgh Low !!ill!!! -
8.0 7.2 7.7 

19,312.0 2.0 36.5 

200.0 0.0 <10.1(31 

61.0 :<0.1 1.2m 
13.0 <0.05 <0.1 
1.2 0.03 <0.1 
1.0 <0.025 < 0.1 
0.7!J 0.01 <0.1 

60.0 <0.1 .;0.1 
4.5 0.06 <0.1 
5.0 <0.1 ::0.1 
3.0 .;0.1 <0.1 

';0.1 0.01 <0.1 
<0.1 0.02 <0.1 
39.0 <0.02 0.26 
4.1 <0.02 «:0.1 
0.2 0.06 0.1(1) 
0.1 <0.06 0.06(1) 
0.19 «:0.02 «:0.1 
0.15 <0.02 <0.1 
0.056 <0.0001 <0.0025 

<0.0025 «:0.0001 <0.0025 
<0.2 <0.0001 <0.0025 
«:0.2 <0.2 <0.2 (1' 

1.6 d.O «:1.0 (1) 
<1.0 <1.0 <1.0 (1) 

1,250.0 1.8 5.5 (1) 
O.U <0.1 <0.1 (1' 

4 

:"1 " 

rinal UU rind Oew"terlng 

Il1gh 
Ran!!tt UilllfJf! 

!:2!! l!!!!!!!ii lll'J.!! ~ ~ 
7.9 7.8 C2I 1.8 1.7 (1 

26.0 6.0 '.5 44.0 41.0 3.0 

• <10.1 0.0 (2) 41.0 <0.1 (2 

5.3 (1) <5.0 (1 
<0.25 0.02 0.075 0.31 <0.01 <0.05 
<0.25 <10.01 <0.05 0.31 0.01 <0.05 
<0.01 <0.025 0.04 <0.01 0.025 O.U 
<0.01 <10.025 0.04 <0.01 0.925 o.U 
<0.25 <10.1 0.13 <0.25 0.06 <0.1 
<0.25 <0.1 O.U' <0.25 <0.1 0.11 

3.0 <0.1 (2) 6.0 0.1 <2.0 
2.0 <0.1 (2) 6.0 0.1 <2.0 
0.05 O.OJ <cO.05 0.07 0.03 <0.05 

<0.05 0.03 0.04 0.05 0.03 <0.05 
O.S 0.1 0.23 0.5 0.1 0.12 
0.12 <0.1 0.1 0.14 0.1 0.1 
0.06 (I) 0.1 (1 
0.06 (1) 0.1 (J 
O.H (2) 0.12 <0.02 0 0.09 <0.02 (2) O.U62 <0.2 (2 
0.0081 <0.02 0.001 <0.0025 <0.0001 0.001 7 

<0.0025 <0.0001 0.001 <0.0025 .;0.0001 0.0011 
0.001 (1) <0.2 (1 
0.001 (1) <0.2 (J 

< 1.0 (1) <'1.0 (1 
<1.0 (1) <1.0 (l 

4.2 1.1 (2) 1.5 0.' 12 
<U.l <0.1 fI) <0.1 <0.1 (2 
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Table V-B SUMMARY OF NPDES MONITORING 
OF DRAINAGE DISCIIARGES AT SHIPYARD D 

JANUARY 1975 THROUGH DECEMBER 1975 

Harbor Water GD 'D-2 GD 'D-3 
Range Range Range 

Par Cllneters High ~ Median High Low Median Il1gh ~ Median 

pH NR NR NR 7.9 6.9 7.6 B.1 7.5 7.7 
Suspended 19.0 1..7 5.6 20.0 4.4 9.1 22.0 3.2 10.0 
Solids 

Settleable NR NR rUt 0.3 0.0 0.0 0.1 0.0 0.0 
Solids 

Oil , Grease NR NR NR 4.0 0.0 2.0 3.4 0.0 0.2 
PbT NR NR NR 0.7 <0.01 <0.05 0.6 <0.01 <0.04 
CrT NR NR NR 0.27 <0.1 <0.1 0.34 <0.01 <:0.05 
CuT 1.4 <0.05 0.12 1.2 <0.05 0.21 1.6 0.07 0.25 
SnT Nfl NR 1'IR <1.0 0.03 <0.1 <1.0 0.03 <0.7 
ZnT 1.6 0.02 0.29 1.B 0.02 0.6 1.2 0.1 0.5 
Fe!: 0.39 <0.01 0.07 3.2 0.02 0.39 3.0 0.13 1.0 

Flow (mYday) 1135.6 1135.6 1135.6 
(gal/day) 300,000 300,000 300,000 

All values except pH and flow are in mg/l. 

NR - No Result 

..., F' 

GD 'D-4 
Range 

High Low Me.ian 

7.8 7.5 7.7 
32.0 3.2 16.0 

0.1 0.0 0.0 

3.8 0.0 1.3 
0.58 <0.01 <0.02 
0.2 0.0 0.03 
4.1 0.1 0.27 

<:1.0 <0.01 <0.5 
1.1 0.03 0.2B 
3.0 0.13 0.91 

473.2 473.2 473.2 
125,000 125,000 125,000 





.. ,. ,. 

Table V-lO SUMMARY OF AL~ HARBOR AND 
DRAINAGE DISCHARGE MONITORING AT SHIPYARD D 

Harbor Water Draina2e Discharge 
Range Range 

Parameter High Low Median High Low Median -
pH 9.3 8.4 9.0 9.1 6.9 7.9 (2) 
suspended 200.0 1.7 6.0 166.0 3.2 17.0 (2) 
Solids 

Settleable TRACE 0.0 0.0 0.3 0.0 0.0 (2) 
Solids 

Oil & Grease <5.0 <5.0 <5.0 <5.0 0.0 3.2 (2) 
PbT 0.57 0.36 0.43 0.57 0.01 0,.07(2) 
Pbu 0'.57 0.36 0.42 0~50 0.32 0.4 
CrT 0.1 <0.1 <0.1 0.27 <0.01 <0.1·· (2) 
crv <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
CuT 1.4 <0.05 0.12(2) 4.1 0.03 0.2 (2) 
euu <0.1 <0.1 '<0.1 0.3 <0.1 <0.1 
Sn'L' 3.4 <2.0 2.1 3.7 0.01 <1.0 

0\ SnIT 2.1 <2.0 <2.0 2.9 ~2.0 <2.0 
to.) edT 0.06 0.05 0.05 0.06 <0.03 <0.04 

Cdu 0.05 <0.03 0.05 0.06 <0.03 <0.04 
ZnT 1.6 <0·.02 0.19(2) 2.0 0.02 0.28(2) 
Znv 0.45 <0.02 <0.1 0.36 <0.02 0.05 
J.'4nT' 0.14 .<0.06 0.1 1.83 0.25 1.43 
l'4.nU 0.1 <0.06 0.07 1.79 0.21 1.4 

.Asif 0.05 <0.02 <0.02 0.04 <0.02 <0.02 
As"J <0.02 <0.02 <0.02 <0.02 ,<0.02 <0.02 
clgT 0.0014 0.0013 0.0014 0.0019 <0.0001 <0.0009 
Hgu 0.0014 0.0006 0.0013 0.0019 <0.0001 0.0008 
Nitl' 0.36 0.24 0.36 .... " .. <0.2 -on ., 

V.oJ;;} ~u • .c. 

NiD 0.36 0.24 0.36 0.35 <0.2 <0.2 
A1T <1.0 <1.0 <1.0 1.1 <1.0 <1.0 
AIL> <1.0 <l.0 <l.0 <1.0 <1.0 <1.0 

~I 
FeT 0.39 <0.01 0.07(2) 3.7 0.02 1.3 
FeD 0.2 0.2 0.2 2.1 0.6 0.8 

s: 

~I 
All values except pH are in mq/1. 

(2) Indicates both-contractor and NPDES monitorinq. 
All otner results are only contractor results. 

I'V 
..j:::o.. 
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A grab sample of the flooded dock was collected and a composite of 
samples collected at each two-foot water level drop was made during 
dewatering. - Samples were taken of the drainage water during hosedown 
following initial dewatering and regularly throughout the monitoring 
period. Every two minutes during the pumping cycle, samples were 
drawn and composited. 

During the May 1916 sampling program at Shipyard 0, the harbor water 
was actually higher in certain constituents, such as total suspended 
solids and pH, than in the NPDES tests. No significant increases 
occurred between corresponding influents and effluents. As in samples 
at other shipyards, discharge levels tend to be very low with rare 
"high" values of certain parameters. It could not be established that 
dockside activities affect discharge levels. As' in the case of 
Shipyards A and. B, constituent levels remain constant throughout. 
only levels of manganese varied from the harbor water concentrations. 
In all likelihood, this can be attributed to groundwater infiltration 
since no other major source of manganese is apparent. The results 
again- lead to the conclusion that the nature of the discharge is not 
conducive to numerical monitoring. 

Several obstacles exist with respect to conducting an accurate 
sampling program of floating drydocks and/or graving docks. Some of 
these problems are due to the nature of the operation and drydock 
design. Other difficulties occur during interpretation of the data. 

o The physical design and operation of a floating drydock is 
not conducive to conducting an effective sampling program. 
During submersion of the dock, potential contaminants such 
as grit and paint might be flushed from the surface of the 
dock, rather than discharged through a single sampling point 
such as a pipe or sewer, as in the case with graving docks. 

, 

When the dock is submerged, grit, spent paint, oil and 
grease, a'nd other dockside wastes may be flushed or may ~-. 
float from the dock floor. Any spills, stormwater, or 
discharges onto the floated dock floors will randomly run 
off the ends and through scuppers along the sides of the 
floating drydock. Since there are multiple discharge 
points, accurate sampling is not feasible. 

o Because only total drainage discharges were monitored on a. 
daily basis, it is difficult to attribute constituents and 
flows to any individual source or operation. For example, 
variations in flows and composition of cooling water and 
degree of hydrostatic relief might occur concurrently with 
an operation such as blasting or painting. Any alteration 
in drainage discharge would be difficult to correlate with 
these activities. 
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Shipyard D management once attempted to estimate all drydock 
discharge parameters and levels but were unable to determine 
the source of some of the contaminants. The problem 
obviously is complex. 

o Insufficient documentation of sampling programs performed 
prior to this contract makes interpretation of previous 
monitoring questionable. By failing to 'explain what 
shipyard operations were in progress, lrtl'eather conditions, 
floor conditions, and especially analytical procedures, 
interpretation and comparison of monitoring data is 
difficult. 

o The lack of a "typical" daily dock operati.o>n means that all 
data obtained is particular to that speci.fic day and is not 
necessar ily representative of the usual dt'ydock discharges. 
Consequently interpretation of the ,data is difficult. This 
restricts determination of sources and establishment of 
recommendations. 

Leaching Studies 

Studies of the leachability of the fresh abrasive and spent abrasive 
and paint were done at several shipyards. ThE~ experiments are 
discussed below. 

Leaching Study 11 consisted of an experiment in which 400 grams of 
spent abrasive collected from a shipyard facility WE!re mixed with a 
liter of seawater. The combination was shaken intE!rmittently. A 100 
ml aliquot was withdrawn after two days one inch bE!low the surface. 
Another aliquot was withdrawn after eight days. The method of 
analysis was not defined. The two aliquots producec} no difference in 
concentrations of Cd, Cr, Zn, Cu, and Sn. Only le",els of lead showed 
a significant increase. 

The results of leaching Study 12 present markedly different 
conclusions. These tests performed by EPA indic::ate that the spent 
abrasive may actually act as an adsorbent of metals already present in 
the water. Approximately 100 grams of spent abrasive collected at 
'five different shipyards were each exposed to approximately one liter 
of seawater from the local bay. An analysis indicated that cadmium, 
chromium, lead, and tin levels all either remain the same or 
decreased. Only copper and zinc exhibited ;~y increase in 
concentration. 

Leaching Study 13 re suIted in no ma jor change in nilckel, ~inc, tin, or 
cadmium. Slight increases in chromium, copper, irIon, and lead levels 
occurred, but mercury concentration was reduced 98 ]percent. 
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The data for Leaching study 14 was much more thorough. Seven spent 
abrasive samples and two fresh abrasive samples were subjected to a 
leaching test in seawater. A level of pollutant was determined after 
exposure of 300 hours and 700 hours. Only leadconcentrations 

r. markedly increased with each sample. copper and zinc levels increased 
significantly on occasions, but otherwise remained constant. Arsenic, 
cadmium, mercury, and tin concentrations never varied appreciably. 
Levels of copper, lead, and zinc in the .liquid consistantly 
corresponded to the levels in the spent abrasive. Similarly low 
values of these metals in the liquid samples occurred when the spent 
abrasive contained lesser quantities of these three elements. 

Leaching Study 15 consisted of treating five different samples of grit 
and rive~ sediment with river water or deionized water. Some of the 
experiments involved stirring, while others did not. Chromium levels 
actually showed a slight decrease in value, indicating again the 
possibility that the abrasive acts in certain cases as an adsorbent. 
copper levels changed very little. Data on leachability of zinc was 
inconclusive since concentrations of zinc increased in some instances 
and decreased in others. 

There are many inconsistencies in the results of the five leaching 
studies reviewed. Questions which remain about testing procedures and. 
conflicting data indicate that further study would be beneficial. 
Doubts exist about the reliability of a leaching test done in a small 
closed container where dilution and circulation are not factors. 

sieve Analyses of Debris 

sieve analyses were conducted on fresh grit and spent paint and 
abrasive collected by the contractor at Shipyard B. One. sample 
consisted entirely of fresh abrasive, and the second sample containing 
spent paint and grit was collected from the drydock floor immediately 
following blasting. The two samples were analyzed using a standard 
sieve analysis and the results are shown in Table V-II and V-12. 

Sieve 

10 
40 
60 

140 
200 

<200 

Table V-ll. GRAIN-SIZE ANALYSIS 
OF UNSPENT GRIT (SAMPLE 1) 

% Retained % Finer 

15 85 
83 2 

1.8 .2 
<.1 <.1 
<.1 <.1 
<.1 <.1 

100 

Average specific gravity = 4.617 
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Sieve 

10 
40 
60 

140 
200 

<200 

Table V-12. GRAIN-SIZE ANALYSIS OF 
SPENT GRIT AND SPENT PAINT (SAMPLE ~!) 

~ Retained 

10 
78 

6 
3 
1 
2 

100 

~ Finer 

90 
1~ 

6 
3 
2 
1 

Average specific gravity = 4.418 

The fresh grit, "Black Beauty," was purchased by the company from 
power plants. The abrasive is actually the slag col.1ected from coa1-
fired boilers. The ,principal constituents are iron, aluminum, and 
silicon oxides (see Table 1II-3). The spent grit and paint, which 
were collected following a "very light sand sweep," contained flakes 
and particles of antifouling and primer paints ,amd bits of iron 
oxides. The test results indicate that over 95 percent of the 
particles in each sample were sand si'ze and were rE!tained in U. S. A. 
standard Testing sieves numbered 10, 40, 60, and 140, made by Tyler 
Equipment Co., with the largest fraction retained ~L sieve number 40. 
The unspent grit particles were slightly larger amd the facets were 
sharper and more defined. The specific gravities of the two samples 
did not differ significantly. These sand-size part~ic1es were readily 
settleable. 
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,SECTION VI 

SELECTION OF POLLUTION PARAMETERS 

INTRODUCTION 

Materials originating from shipbuilding and repair. activities which 
may have significance as potential pollutants have been identified 
during the course, of this study. Although an exhaustive list of 
materials capable of discharge to waterways could be· developed, many 
of these can be eliminated from consideration. The priority 
pollutants copper, zinc, chromium, and lead have b~n identified as 
being present in shipyard facilities under conditions which can result 
in their discharge. Compounds of these metals' are .constituents of 
fresh paints (Tables III-4 and III-5). They persist in the abrasive 
blasting debris as components of the spent paint and ,·abrasive. The 
rationale for selection of constit'uents as pollution parameters ,or for 
rejection of others is presented here. 

While numerical guidelines and standards are not being recommended at 
this time, pollution parameters are being identified for consideration 
by the users of this document and for further investigation, and use 
where it may be appropriate. 

Factors 'which have been considered in selecting and rejecting 
pollution parameters include: 

o The degree of pollutional constituents used and discharged 
from ship repair and construction operations in graving· 
docks and floating drydocks. 

o The need for preventing the introduction of the constituent 
into the waterway; and 

o The aesthetic effects of the constituent and the effects on 
other uses of the water. 

A list of constituents which may be subject to discharge from graving 
docks and from floating drydocks is shown in Table VI-I. Pollution 
parameters have been selected from this list, and this is discussed in 
the following sections. 
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Table VI-1. MATERIALS ORIGINATING FROM DRYDX~KS WHICH MAY BE 
DISCHARGED TO WATERWAYS 

Constituents 

Fresh Grit 

Blasting Debris 

Solid Wastes 

Fresh paint 

Oil & Grease 
Fuel 

Oil, Grease and 
Fuel Contaminated 
Water 

Solvents, Paint 
Remover 

Boiler Water 

Cooling Water 

Hydrostatic 
Leakage 

Gate Leakage 

Source 

Spills during transfer 
and handling 

Material removed from 
ships hull during 
blasting 

Repair and Construc
tion Activities 

Paint mixing spills, 
overspray 

Spills and leakage 
from ship and equip
ment, losses during 
servicing 

Leakage from tank 
cleaning and ruptured 
tanks, bilgewater 

Paint stripping 
other than blasting 

Vessel boiler 

Vessel equipment 

Groundwater leakage 
into dock 

Harbor water 

68 

£pmments 

Uncon tclminated 
solid, usually slag, 
sand, .c:ast iron or 
steel f;hot 

Spent ~rr it, marine 
foulin~r, spent paint, 
rust, Dlay contain 

.. prior~t~y pollutants . 

Scrap illetal, welding 
rods, wood, plastics, 
trash emch as paper 

. and foc.d scraps 

Overspl:ay may reach 
dock fl.oor, spills 
to floc,r or drains 
and contains prior
ity pollutants 

Can originate either 
from vE~ssel or from 
dock ac:tivities 

May contain detergents 
used in tank cleaning 

Not con~on pra~ice 

High qlllality water, 
usually not discharged. 

SuppliE!d by on-shore 
source, once-through, 
non-contact 

Graving' docks only 

Graving' docks only 
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Materials identified in Table VI-l may produce other contaminants in 
water. Their effects are generally measured in terms of parameters 
such as suspended solids, dissolved solids, .BOD and COD, oil and 
grease, and specific elements or chemical species. Table VI-2 lists 

v specific and nonspecific parameters which are possible pollutants. 
Analytical methods for monitoring would necessarily include some or 
all of the items listed in Table VI-2. 

Table VI-2. PARAMETERS WHICH MAY BE PRESENT IN 
WASTEWATER DISCHARGES FROM DRYDOCKS 

sEecific Parameters Non-Specif ic : 
Metals Non-Metals Parameters 

Pb Mn po. pH 

Cr As N0 2 Total Suspended Solids 

Cu Hg Settleable Solids 

S,l Ni Oil and Grease 

Cd Al 

Zn Fe 

RATIONALE !Qg ~ SELECTION OF FQLLUTION PARAMETERS 

During the course of this study and the sampling program conducted in 
support of it, it has become evident that a direct cause and effect 
relationship between activities and materials in the docking .facility 
and constituents 1n the wastewater does not always exist. In 
addition, much of the water purposefully used in drydocking operations 
is harbor water already containing measurable levels of constituents 
leached from the drainage area supplying the harbor, discharged from 
other sources, or naturally present in the water. Because of this, 
the problem of identifying the origin of these constituents, in the 
presence of sampling and analytical variations, becomes complex. 

In selecting pollution parameters two questions have been considered 
as vital to the proper inclusion of a constituent in this category. 
The first of these is, "Are the constituents discharged to the 
environment"? Second, and ~qually important is, "Is the constituent 
present in the ship repair and construction facility in a condition 
capable of creating a hazardous discharge"? If both of these questions 
can be answered in the affirmative, the constituent should be 
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considered a potential pollutant requiring monitolring and possibly 
necessitating controls. 

Referring to Table VI-2, the listed metals all may be constituents of 
the paint ~sed on hulls. The most commonly used an1::icorrosive paints 
contain Zl.nc chromate or lead oxide. Antifoulin~J paints in current 
use usually incorporate cuprous oxide. The use of arsenic and mercury 
antifouling paints has been discontinued because oj: their toxicity. 
Recently, antifouling paints containing organotin (~ompounds have been 
introduced into practice. These have the advantage of longer life in 
service but when removed for repainting, like mel:'curyb~sed paints, 
can be toxic to workers. Three sources of i]:'on exist in the 
drydocking facility. Steel scrap and waste metal are major sources. 
Iron from scrap is initially in the metallie form but ail: and moisture 
will rapidly produce a surface coat of rust. The second source is 
iron oxide contained in the paints •. The amount of lron oxide in paint 
is negligible compared to the other paint compon«mts and to exposed 
steel surfaces found in the drydock area. The third source is 
metallic j,ron abraded from ships during abrasive blasting and 
subsequent potential dissolution into water. 

Non-metal constituents are phosphates and nitrites. These are 
to water in trace quantities during wet blasting tC) bare metal. 
function as rust inhibitors. Their use is infl:'equent and 
quantities are small. 

added 
They 

total 

Non-specific parameters which may ultimately be transported to 
wastewater are also listed in Table VI-2. 

Solids content is measured by total solids, suspend~~d and settleable 
solids, and dissolved solids. Total solids if; the total of the 
suspended and dissolved components. Most of the sUfipended solids are 
spent paint and grit from the blasting opera1:ions, but may also 
include dried fresh paint resulting from overspray cmd spills. Other 
sources of solids are metal or metal scale particulates resulting from 
cutting and cleaning work, slag from arc weldjmg, wood and other 
organic solids particles, etc., all in small quan1:ities. Dissolved 
solids may be present due to constituents from sp~mt or fresh paint, 
solution of iron·or alloy metals from scrap steel, and solution of 
components from virtuaily any solid coming in conta(~ with water. 

A measure of the hydrogen ion concentration" of watE!r is pH. As such, 
it can be altered (from the neutral value of 1)" to either acidic or 
basic values by the effects of dissolved materials (ldded to the water. 

': ~. ;. .~, 

oil and grease are measures of the quantity of organic compounds 
extractable by hexane. This can include not only oils and greases, 
but also fuel, solvents, and paint components. 
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The parameters selected as pollutants potentially released by shipyard 
activities into wastewaters are listed in Table VI-3. These 
constituents represent materials which are commonly used in drydocking 
facilities and hence which have potential for release to ambient 
waters. Although other parameters listed in Table VI-2 have been 
rejected as pollutants to be regulated at this time, the sampling and 
analysis program routinely determined the levels of those as well. 
·The basis for rejection is discussed in the subsection on "Rationale 
for Rejection of Pollution Parameters." 

Table VI-3. POLLUTION PARAMETERS 

Specific Parameters . 
Priority 
Pollutants Non-Metals 

Zn 
cu 
Pb 
Cr 

None 

Other 
Metals 

Sn* 

Non-Specific 
Parameters 

Suspended Solids 
Settleable Solids 
Oil and Grease 
pH 

*Only where organotin anti-fouling plants may be 
used or removed from the hull. 

It must be emphasized that one of the great uncertainties in 
establishing pollution parameters arises from the use of harbor water 
for most. of the shipyard operations. . Unlike chemical processing 
plants, where high quality water is used, input water may vary in
constituent concentration frffi~ fresh lake and river water to saline 
ocean· water, thus the background content of suspended and dissolved 
components may mask many of the parameters frequently monitored. The 
following subsections discuss each of the parameters selected as 
potential pollutants. 

Zinc (Zn) 

occurring abundantly in rocks and ores, zinc is readily refined into a 
stable pure metal and is used extensively as a metal, an alloy, and a 
plating material. In addition, zinc salts are also used in paint 
pigments, dyes, and insecticides. Many of these salts (for example, 
zinc chloride and zinc sulfate) are highly soluble·in water; hence, it 
is expected that zinc might occur in many industrial wastes. On the 
other hand, some zinc salts (zinc carbonate, zinc oxide, zinc sulfide) 
are insoluble in water and, consequently, it is expected that some 
zinc will precipitate and be removed readily in many natural waters. 

71 

NWMAR 117033 



( 

In soft water, concentrations of zinc ranging from 0.1 to 1.0 mg/l 
have been reported to be lethal to fish. Zinc is thought to exert its 
toxic action by forming insoluble compounds wi.th the mucous that 
covers the gills, by damage to the gill epithelium, or possibly by 
acting as an internal poison. The sensitivity of fish to .zinc·varies 
with species, age, and condition, as well as with the physical and 
chemical characteristics of the water. Some accl.imatization to the. 
presence of the_zinc is possible. It has also been observed that the 
effects of zinc poisoning may not become ~pparent i.mmediately so that 
fish removed from zinc-contaminated to zinc-free water may die as long 
as "48 hours after the removal. The presence of copper in water may 

. increase the toxicity of zinc to aquatic organisms, while the presence 
of calcium or hardness may decrease the relative tOll:icity. 

A complex relationship exists between zinc concent:rations, dissolved 
oxygen, pH, temperature, and . calcium and magnesit~ concentrations. 
Prediction of harmful effects has been ·less t:han reliable and 
controlled studies have not been extensively documented .• 

Concentrations of zinc in excess of 5 mg/l in public water supply 
sources cause an undesirable taste which' persists tt~ough conventional 
treatment. Zinc can have an adverse effect.on man amd animals at high 
concentrations .• 

Observed values for the distribution of zinc ii'lL ocean waters vary 
widely. The major concern with zinc compounds in malrine waters is not 
one of acute lethal effects, but rather one of the long term sublethal 
effects of the metallic compounds and complexes. Fl::om the point of 
view of acute lethal .effects, invertebrate marine animals seem to be 
the most sensitive organisms tested. 

A variety of freshwater plant.s tested manifested haI:mful symptoms at 
concentrations of 10 mg/l. Zinc sulfate has alSio been found to be 
lethal to many plants and it could impair agricultt~al uses of the 
water. 

Copper (Cu) 

copper is an elemental metal that is sometimes fcmnd free in nature 
and is found in many minerals such as cuprite, malachite, azurite, 
chalcopyrite, and hornite. Copper is obtained from these ores by 
smelting, .leaching, and electrolysis. Significant industrial uses are 
in the plating, electrical, plumbing, and heating equipment 
industries. Copper is also commonly used with ot:her minerals as an 
insecticide and' fungicide. 

Traces of copper are found in all forms of plant antl animal life, and 
it is an essential trace element for nutriti()n. Copper is not 
considered to be a cumulative systemic poison for humans as it is 
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readily excreted by the body. but it can cause symptoms of 
gastroenteritis. with nausea and intestinal irritations. at rel~tively 
low dosages. The limiting factor in domestic water supplies is taste. 
Threshold concentrations for taste have been generally reported in the 
range of 1.0 to 2.0 mg/l of copper while concentrations of 5 to 7.5 
mg/l have made water completely undrinkable. It has been recommended 
that the copper in public water supply sources not exceed l,mg/l. 

Copper salts cause undesirable color reactions in the food '·iIl'dustry 
and cause pitting when deposited on some other metals such as aluminum 
and galvanized steel. The textile industry is affected when copper 
salts are present in water used for processing of fabrics. Irrigation 
waters containing more than minute quantities of copper 'can be 
detrimental to certain crops. The toxicity of copper to aquatic 
organisms varies significant~y, not only with the· species, but also 
with the physical and chemical characteristics of the water, including 
temperature, hardness, turbidity, and carbon dioxide content. In hard 
water, the toxicity of .copper salts may be reduced by the 
precipitation of copper carbonate or other insoluble compounds. The 
sulfates of copper anc zinc, and of copper and cadmium are synergistic 
.in their toxic effect on fish~ 

Copper concentrations less than 1 mg/l have been reported to be toxic. 
particularly in soft water, to many kinds of fish, crustaceans, 
mollusks, insects, phytoplankton, and zooplanton. . Concentrations of 
copper, for example, are detrimental to some oysters above 0.1 ppm. 
Oysters cultured in seawater containing 0.13 to 0.5 ppm of copper 
deposited the metal in their bodi'es and became unfit as a food 
substance. 

Tin (Sn) 

Tin is not present in natural water, but it may occur' in industrial 
wastes. stannic and stannous chloride are used as mordants for 
reviving colors, dyeing fabrics, weighting silk, and tinning vessels. 
stannic chromate is used in decorating porcelain, and stannic oxide is 
used in glass works, dye houses, and for fingernail polishes. Stannic 
sulfide is used in some lacquers and varnishes. Tin compounds are 
also used in, fungicides, insecticides, and anti-helminthics., 

No reports have been uncovered to indicate that tin is detr±menta1 in· 
domestic water supplies. Trace~ of tin occur in the human diet from 
canned foods, and it has been estimated that the ayerage diet contains 
17.14 mg of tin per day. ' Man can apparently tolerate 850 to '1000 mg 
per day of free tin in his diet. 

On the basis of feeding experiments, it is, unlikely that any 
concentration of tin that could occur in most natural waters would be 
detrimental to livestock. Most species of fish can withstand fairly 
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large concentrations of tin; however, tin is about. t4:m times as toxic 
as copper to certain marine organisms such as barnacles andtubeworms. 

While the inorganic compounds of tin are essentially non-toxic at the 
levels normally encountered, org~notin compounds exhibit a high degree 
of toxicity to specific organ1sms. These are l~elatively recent 
innovations and little experience has .been developed in their use. 

Due to the potential hazards of organotins· to marinE~ environments and 
in light of the present lack of knowledge concerning the . behavior of 
organotin waste in the environment, abrasive blastin~J waste containing 
organtin compounds shoult1 be considered pollutants 01: concern. 

Lead (Pb) 

Lead is used in various solid forms both as a pure metal and in 
several compounds. Lead appears in some 'natural wat.~s, especially in 
those areas where mountain limestone and galena are jEound. Lead can 
also be introduced into water from lead pipes by the action of the 
water on the lead. 

Lead is a toxic material that is foreign to humans and animals. The 
most common form of lead poisoning is called plumbism. Lead can be 
introduced into the body from the atmosphere containlng lead or from 
food and water. 

Lead cannot be easily excreted and is cumulative in 1:.he body over long 
periods of time, eventually causing lead poisoning ,dth the ingestion 
of an excess of 0.6 mg per day over a period of years. It has been 
recommended that 0.05 mg/l lead not be exceeded in public water supply 
sources. 

Chronic lead poisoning has occurred among animals at levels of 0.18 
mg/l of lead in soft water and by concentrations under 2.4 mg/l in 
hard water. Farm animals are poisoned by lead mOl~e frequently than 
any other poison. Sources of this occurrence includE~ paint and water 
with the lead in solution as well as in suspension. Each year 
thousands of wild waterfowl are poisoned from lead sh6tthat is 
discharged over feeding areas and ingested by the waterfowl. The 
bacterial decomposition-of organic matter is inhibited by lead at 
levels of 0.1 to 0.5 mg/l. ., ";:·'.f;: :7-·~:. ;.' 

Fish and other marine life have had adverse effE~cts from lead and 
salts in their environment. Experiments have nhown that small 
concentrations of heavy metals, especially of lead, have caused a film 
of coagulated mucous to form first over the gills and then over the 
entire body probably causing suffocation of the fish due to this 
obstructive layer. Toxicity of lead is increased with a reduction of 
dissolved oxygen concentration in the water. 
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Chromium (Cr) 

Chromium is an elemental metal usually found as a chromite (FeCr20!). 
The metal is normally processed by reducing the oxide with aluminum. 

Chromium and its compounds are used extensively throughout industry. 
It is used to harden steel and as an ingredient in 

. alloys. Chromium is also used in the electrcplating 
ornamental and corrosion resistant plating on steel and 
pigments and as a pickling acid (chromic acid) .• 

other useful 
industry as an 
can be used in 

The two most prevalent chromium forms found, in industry wastewaters 
are hexavalent and trivalent chromium. Chromic acid used in industry 
is a hexavalent chromium compound which is partially ,reduced to the 
trivalent form during use •. Chromium can exist as either trivalent or 
hexavalent compounds in raw waste streams. Hexavalent chromium 
treatment involves reduction to the trivalent form prior to removal of 
chromium from the waste stream as a hydroxide precipitate. 

Chromium, in its various valence states, is hazardous to man. It can 
produce lung tumors when inhaled and induces skin sensitizations. 
Large doses of chromates have corrosive effects on the intestinal 
tract and can cause inflammation of the kidneys. Levels of chromate 
ions that have no effect on man appear to be so low as to prohibit 
determination to date. The recommendation for public water supplies 
is that such supplies contain no more than 0.05 mg/l total chromium. 

The toxicity of chromium salts to fish and other aquatic life varies 
widely with the species, temperature, pH, valence of the chromium and 
synergistic or antagonistic effects, especially that of hard water. 
Studies have sho~n that trivalent chromium is more toxic ~o fish of 
some types than hexavalent chromium. Other studies have shown 
opposite effects. Fish food organisms and other lower£orms of 
aquatic life are extremely sensitive to chromium and it also inhibits 
the growth of algae. Therefore" both hexavalent and trivalent 
chromium must be considered harmful to. particular fish or organisms. 

Total Suspended Solids (TSS) 

suspended solids include both organic and inorganic materials The 
inorganic compounds include sand, siltv and clay. The organic 
fraction includes such materialS as grease, oil, tar, and animal and 
vegetable waste products. These solids may settle out rapidly and 
bottom deposits are often a mixture of both organic and inorganic 
solids. Solids may be suspended in water for a time, and, then settle 
to the bed of the stream or lake. These solids discharged with man's 
wastes may be inert, slao;ly biode;Jradable materials, or"',~ rapidly 
decomposable substances. While in suspension, they increase the 
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turbidity of the water, reduce light penetration, and impair the 
photosynthetic activity of aquatic. plants. 

Suspended solids in water interfere with many indllLstrial processes, 
cause foaming in boilers, and incrustations on equipment exposed to 
such water, especially as the temperature rises. They are undesirable 
in process water used· in the manufacture of steE!l, in .the ,textile 
industry, in laundries, in dyeing, and in cooling sysitems. 

Solids in suspensiori are aesthetically displeasing. When they settle 
to form sludge deposits on the stream or lake bed, they are often 
damaging to tre life in \r."ater. SOlids, when transf:ormed to sludge 
deposits, may do a variety of damaging things, incl1.rling blanketing 
the stream or lake bed and thereby destroying: the li.ving spaces . for 
those benthic organisms that would otherwise occupy the habitat. When 
of an organic nature, solids use a portion of all. of the dissolved 
oxygen available in the area. organic materials alsel serve as a food 
source for sludgeworms and associated undesirable organisms. 

Disregarding any toxic effect attributable to subst~ances leached out 
by water, suspended solids may kill fish and shellfish by causing 
abrasive injuries and by clogging gills and respu:atory passages of 
various aquatic fauna. Indirectly, suspended solids are inimical to 
aquatic life because they screen out light, and they promote and 
maintain the development of noxious conditions through oxygen 
depletion. This results in the killing of fish and fish food 
organisms. Suspended solids also reduce the recreational value of the 
water. 

Oil and Grease 

Because of widespread use, oil and grease. occur oftE!n in wastewater 
streams. These oily wastes may be classified as fo1l.ows: 

o Light Hydrocarbons - These include light~ fuels such as 
gasoline, kerosene, jet fuel, and miscE~llaneous solvents 
used for industrial processing, degreasiLng, or cLeaning 
purposes. The presence of these light hydl~ocarbons may make 
the removal o~ other heavier oily wastes more difficult. 

o Heavy Hydrocarbons, Fuels, and Tars ~lese include 'the 
crude oils, diesel oils, .6 fuel oil, residual oils, slop 
oils, and in some cases, asphalt and road 1:ar. 

o Lubricants and cutting Fluids - These genE~rally fall into 
two classes: non-emulsifiable oils such as> lUbricating oils 
and greases and emulsifiable oils such as water soluble 
oils, rolling oils, cutting oils, and fu~awing compounds. 
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Emulsifiable oils may contain fat soap or various other 
additives. 

Vegetable and Animal Fats and Oils These originate 
primarily from processing of foods and natural products. 

These~ compounds can settle or float and may exist as solids or liquids 
dep'ending upon factors such as method of use, production process, and 
temperature of wastewater. . 

Oils and grease even in small quantities cause troublesome taste and 
omor problems. Scum lines from these agents are produced on water 
treatment basin walls ,and other containers. Fish and waterfowl are 
adversely affected by oils in their habitat. Oil emulsions may adhere 
bn the gills of fish causing suffocation, and the flesh of fish is 
tainted when microorganisms that were exposed to waste oil are eaten. 
Deposition of oil in the bottom sediments of water can serve to 
inhibit normal benthic growth. Oil and grease exhibit an oxygen 
demand. 

Levels of oil and grease which are toxic to aquatic organisms vary 
greatly, dependi~g on the type and the species susceptibility. 
However, it has been reported that crude oil in concentrations as low 
as 0 .• 3 mg/l is extremely toxic to freshwater fish. Xt has been 
recommended that public water supply sources be essentially free from 
oil and grease. 

Oil and grease in quantities of 100 l/sqkm (10 gallons/sq mile) show 
up as a sheen on the surface of a body of water. "The presence of oil 
s1icks prevent the full aesthetic enjoyment of water. The presence of· 
oil in water can also increase the toxicity of other substances being 
discharged into the receiving bodies of water. Municipalities 
frequently limit the quantity of oil and grease that can be discharged 
to their wastewater treatment systems by industry. 

Acidity and Alkalinity (pH) 
li.' ... ' .. , 

Although not a specific pollutant, pH is related to the acidity or 
alkalinity of a wastewater stream. It is not a linear or direct 
mea,sure of either, however; it may be used properly as a s:urrogate to 
control both excess acidity and excess alkalinity in water~ The term 
pH is used to describe the hydrogen ion hydroxyl ion balance in 
water. pH measures the hydrogen ion concentration or activity present 
in a given solution. pH numbers are the negative common logarithm of 
the hydrogen ion concentration. A pH of 7 indicates neutrality or a 
balance between free hydrogen and free hydroxyl ions. A pH above 7 
indicates that the solution is alkaline, While a pH below 7 indicates 
that the solution is acid. 
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Knowledge of the pH of water or wastewater is uSE~fu1 in determining 
necessary measures for corrosion control, pollut~J..on control, and 
disinfection. waters with a pH below 6.0 are corrosive to water works 
structures, distribution lines, and household pltmbing fixtures and 
such corrosion can add constituents to drinking watE~r sucll as iron, 
copper, zinc, cadmium, and lead. Low pH wateI:s not only tend to 
dissolve metals from structures and fixtures but also tend to 
redissolve or leac,h metals from sludges and bott~om sediments. The 
hydrogen ion concentration can affect the' "taste" of the water and at 
a low pH, water tastes "sour." 

Extremes of pH qr rapid pH changes can exert stress conditions or kill 
aquatic life outright. Even moderate changes from "acceptable" 
criteria limits of pH ,are deleterious to some speciE~s. The relative 
toxicity to aquatic life of many materials is incrE~ased .by changes in 
the water pH. For example" metalocyanj.de complexes; can increase a 
thousand-fold in toxicity with a drop of 1.5 pH unit:s. Similarly, the 
toxicity. of ammonia is a function of pH. The bact:ericidal effect of 
chlorine in most cases is less as the pH .incrE~ases, and it is 
economically advantageous to keep the pH close to 1,., 

Acidity is defined as the quantitative ability of a water to 
neutralize hydroxyl ions. It is usually expressed as the calcium, 
carbonate equivalent of the hydroxyl ions neutralizE~d. Acidity should 
not be confused with pH value. Acidity is the quantity of hydrogen 
ions which may be released to react with or neutralize hydroxyl ions 
while pH is a measure of the free,pydrogen ions in a solution at the 
instant the pH measurement is made. A property 01: many chemicals, 
called buffering, may hold hydrogen ions in a sol\~ion from being in 
the free state and being measured as pH. The bond ()f most buffers is 
rather weak and hydrogen ions tend to be 'released from the buffer as 
needed to maintain a fixed pH value. 

Highly acid waters are corrosive to metals, concrete and living 
organisms, exhibi ting the pollutional characterist:ics outlined above 
for low pH waters. Depending on buffering capacity., water may have a 
higher total acidity at pH values of 6.0 than othE~r waters with a pH 
value of 4.0. 

RATIONALE ~ REJECTION QK POLLUTION PARAMETERS 

A number of paramete'rs shown in Table VI-2 have been rejected as 
pollution parameters. This rejection was based on negative answers to 
one or both of the questions used to select pol.lution parameters. 
Rejected parameters 'are listed in Table VI-4. A brief discussion of 
the rejected parameters and the rationale follows. 
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Table VI-4. PARAMETERS REJECTED AS POLLUTION PARAMETERS 

Specific Parameters 
Metals Non-Metals 

As MIl 
Hg Al 
Fe 
Cd 
Ni 

Non-Specific 
Parameters 

Total Solids 
Dissolved Solids 
COD 
BOD 

Arsenic has been rejected because its use in-antifouling paints has 
been discontinued due to toxicity. Mercury also formerly was included 
as a consti~uent of antifouling paints. However, on March 29, 1972, 
the EPA suspended its use in marine paints, and since that use was not 
subject to appeal (although its use in other paint formulations was 
appealed), it no longer is found in shipbuilding and repair 
facilities. If further investigation reveals the presence of arsenic 
in foreign paints which are subsequently removed in u.S. facilities, 
then it shall become a selected pollutant. 

Iron has been rejected because, except for trace quantities in spent 
paint both as a pigment component and as rust blasted from the hulls, 
its presence in shipbu'ilding and repair facilities is in the form of 
structural steel, or at levels below immediate concern. 

Cd, Ni, and Mn are unlikely constituents 
operations. No uses of these materials 
identified. Aluminum may be present but 
significant pollutant. Aluminum in the form 
in water treatment plants. 

to arise from shipyard 
in shipyards have been 
is not considered a 

of alum is commonly used 

Phosphates and nitrites have been eliminated. Both are potentially 
detrimental to natural water bodies, but the only source is from wet 
blasting to bare metal. In this operation they are added to the water 
in fractional percentages as rust inhibitors. wet blasting to bare 
metal is rarely used in s~ipyard practice because of the formation of 
rust on the unpainted surface. 

COD and BOD have also been rejected. COD occurs as a result of the 
pres~nce of reducing chemical compounds in the wastewater. The only 
reducing chemical species identified are nitrites, and these have been 
rejected as a parameter. BOD results from biological (sanitary) 
wastes and is not within the scope of this study. ' 
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SECTION VII 

TREATMENT AND CONTROL TECHNOLOGY 

INTRODUCTION 

Treatment and control of shipyard discharges is subject ,<0 ,problems 
not encountered in m.ost industries. One example is the volume of 
water involved in graving dock dewatering or raising'~ floating 
·drydocks. Graving dock volumes shown .in Table. III-8 range from 3.8 
million liters (1.0 million gallons) to 246 million liters (65 million 
gallons). Dewatering may be carried out in four hours or less and at 
the upper size extreme the flowrate during dewatering would be 60 
million liters (16 million-gallons) per hour or the equivalent of 416 
million liters (390 million gallons) per day. Floating drydocks are 
open ended, and confinement of volumes of 'water equivalent to that 
found in graving docks would make it impossible to raise the dock. 
Thus, flooding and dewatering operations defy practical wastewater 
treatment. .:...:. ... 

There are,·however, a number of practices which can potentially 
benefit the discharges of industrial and other waters from both 
graving docks and floating drydocks. In the course of this study, 
these. practices, which constitute the treatment and control technology 
in use or under development, were observed or reported to the 
contractor by facilities visited or contacted. 2._': 

Seven facilities were visited and thirty-eight were contacted by 
telephone. From the information obtained, the treatment and control 
technology in use basically consists of (1) clean-up procedures in the 
dock and (2) control of water flows within the dock. The degree to 
which the available control measures are implemented.by_any yard 
depends upon conditions prevailing at the facility, physical 
constraints within the facility, economic factors, and, to a large 
extent, management philosophy. -~ ~;"~i_ ..... 

All facilities practice some degree of clean up at various times, 
although this may consist only of moving debris out of the work area 
when accumulations interfe-re with operations. During the docking 
period, some facilities use extensive clean-up procedures, not only to 
remove debris prior to flooding, but to eliminate possible contact 
with gate leakage, hydrostatic water, or rainwater. In general 
drydock clean up is directed toward improving productivity and safety 
and toward maintaining acceptable working conditions. Bo~h mechanical 
and manual methods are in use. 
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Mechanical clean-up methods used or tried include mechanical sweepers, 
front loaders, vacuum equipment and closed cycle· blasting. Manual 
methods include shovels, brooms, and hoses. 

Control of water flows within the dock, like C1E!an-Up procedures, 
varies with faci1ity. In some cases, no contro1s of wastewater from 
either the docked vessel, industrial activities. leakage, or other 
natural causes are practiced. 

Other facilities use methods to contro1 and segregatE! water flows or 
have plans to implement such control. General.ly, control and 
segregation of water flows in the dock, when practicE!d, has been for 
the same purposes as clean up, i.e., producti1Jrity, safety, and 
improved working conditions. However, recently, particularly in naval 
facilities, this form of control has the added purpos.e of eliminating 
potential discharge of pollutants. 

In summary the treatment and control technology being applied or 
planned for drydocks consists of clean-up procedures and control and 
segregation of water flows. The objectives of cl.ean-up activities 
are: 

o To improve productivity by removing physical obstacles and 
impediments to men and machinery working in the dock. 

o To improve safety by eliminating· hazardous materials and 
conditions from the work area. 

o TO improve working conditions by el:i:-mina1:ing health (and 
safety) hazards and factors detrimental to morale. 

o To prevent potential contaminants from being discharged to 
the atmosphere or waterways. 

Where control and segregation of water flows within the docks are in 
use or planned the objectives are: 

o To segregate sanitary waste, cooling water, industrial 
wastewaters, and leakages in order to comply with existing 
regulations governing sanitary wastes. 

o To comply with existing regulations governing oil spills and 
discharges. 

o To prevent transport of solids to the 1~aterway way and 
contact of wastewater with debris in the dJrydock. 

Management practices consistant with attaining these objectives have 
been defined. These represent actions and ppilosoph:ies which can be 
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adopted in the normal course of shipyard operations. As such they can 
be set forth in general terms, and the particular conditions, 
prevailing at each facility will determine the details and methods of 
implementation. The best management practices are presented below. 

The following specific requirements shall be incorporated in NPDES 
permits and are to be used as guidance in the development of a 
specific facility plan. Best Management Practices (BMP) numbered 2, 
5, 7 and 10 should be considered on a case-by-case basis for yards in 
which wet blasting to remove paint or dry abrasive blasting do not 
occur, and BMP 10 does not apply to floating drydocks. 

~ MANAGEMENT PRACTICES (BMP) 

BMP 1. 

BMP 2. 

BMP 3. 

Control of Large Solid Materials. Scrap metal, wood and 
plastic, miscellaneous trash ·such as paper and glass, 
industrial scrap and waste such as insulation, welding rods, 
packaging, etc., shall be removed from the drydock floor 
prior to flooding or sinking. 

Control of Blasting Debris. Clean-up of spent paint and 
abrasive shall be undertaken as part of the repair or 
production activities to the degree technically feasible to 
prevent its entry into drainage systems.. Mechanical clean
up may be accomplished by mechanical sweepers, front 
loaders, or innovative equipment. Manual methods include 
the use of shovels and brooms4 Innovations and procedures 
which improve the effectiveness of clean-up operations shall 
be adapted, where they can be demonstrated as preventing the 
discharge of solids. Those portions of the drydock floor 
which are reasonably accessible shall be "scraped or broomed 
clean" of spent abrasive prior to flooding. 

After a vessel has been removed from the drydock and the 
dock has been deflooded for repositioning of the keel and 
bilge blocks, the remaining areas of the floor which were 
previously inaccessible shall be cleaned by scraping or 
broom cleaning prior to the introduction of another vessel 
into the drydock. The requirement to clean the previously 
inaccessible area shall be waived either in an emergency 
situations or when another vessel is ready to be introduced 
into the drydock within fifteen (15) hours •. Where tides are 
not a factor, this time shall be eight (8) hours. 

Oil, Grease, and Fuel Spills. During the drydocke'd period 
oil, grease, or fuel spills shall be prevented from reaching 
drainage systems and from discharge with drainage water. 
Cleanup shall be carried out promptly after an oil or grease 
spill is detected. 
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BMP 4. 

BMP 5. 

BMP 6. 

BMP 7. 

BMP 8. 

BMP 9. 

BMP 10. 

Paint and Solvent Spills. Paint and solvelt spills shall be 
treated as oil spills and segregated from discharge water. 
Spills shall be contained until clean-up is complete. 
Mixing of paint shall be carried out in loc:::ations' and under 
conditions such that spills shall be prevelted from entering 
drainage systems and discharging with the drainage water. 

Abrasive Blasting Oebris (Graving Docks). Abrasive blasting 
debris in graving docks shall be prevented from discharge 
with drainage water. Such blasting debl:'is as deposits in 
drainage channels shall be removed plromptly and as 
completely as is feasible. In some c~~es, covers can be 
placed over drainage channels, trenches, and other drains in 
graving docks to prevent entry of abrasive blasting debris. 

segregation of Waste Water Flows 
process wastewater streams shall 
wastes. Gate and hydrostatic 
segregation. 

in Orydocts. The various 
be segregated from sanitary 
leakage may also require 

Contact Between Water and Debris. Shipb)ard cooling and 
process water shall be directed so as tlO minimize contact 
with spent abrasive and paint and other delbris. Contact of 
spent abrasive and paint by water can be reduced by proper 
segregation and control of wastewater streams.. When debris 
is present, hosing of the dock should be minimized.. When 
hosing is used as a removal method, appropriate methods 
should be incorporated to prevent accumulation of debris in -
drainage systems and to promptly remove it from such systems 
to prevent its discharge with wastewater. . 

Maintenance of Gate Seals and Closure. Leakage through the 
gate shall ~e minimized by repair and l~aintenance of the 
sealing surfaces and proper seating of the gate. 
Appropriate channelling of leakage watler to the drainage 
system should be accomplished in a manner that reduces 
contact with debris. 

Maintenance of Hoses, soil Chutes, and Piping.. Leaking 
connections, 'valves, pipes, hoses, and soil chutes carrying 
either water or wastewater shall be replaced or repaired 
immediately. Soil chute and hose connections to the vessel 
and to receiving lines or containers shall be positive and 
as leak free as practicable •. 

Water Blasting, Hydroblasting, and watler~Cone Abrasive 
Blasting (Graving Docks). --when--~ater blasting~ 
hydroblasting, or water-cone blasting is used in grav1ng 
docks to remove paint from surfaces, the r,esulting water and 
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debris shall be collected in a sump or other suitable 
device. This mixture then will be either delivered to 
appropriate containers for removal and disposal or subjected 
to treatment to concentrate the solids for disposal and 
prepare the water for reuse or discharge. 

CURRENT TREATMENT ~ CONTROL TECHNOLOGIES 

Mos~ of the current efforts toward water pollution control in both 
graving docks and floating drydocks are derived from the 
recommendations of the rationale for shipbuilding and ship ~repair 
facilities published by the Denver· branch of EPA's National Field 
Investigations Center in 1974, (Reference 2), after observing the 
practices ~n effect in some shipyards. That document emphasized the 
segregation of wastewaters a~d general housekeeping practices. It was 
recommended that all ",ater flows. be intercepted or otherwise 
controlled in order to prevent contact with spent paint and abrasive 
and .other solid materials on the drydock floor. Procedures for 
handling particular water flows, cooling water, hydrostatic relief 
water, . gate leakage, and air scrubber water were specified. 
Miscellaneous trash was to be eliminated through "the diligent use of 
waste receptacles or a thorough clean up ••• prior to flooding." Clean 
up of the drydock floor to "broom clean conditions" prior to each 
undocking was recommended. 

Many of the shipyards contacted or visited during the course. of this 
study have made efforts to comply with these recommendations. Their 
efforts fall into two general areas (as set forth in Table VII-I): 

o Clean up of abrasive 

o Control of wastewater flows 

The extent. to which particular treatment and control technologies were 
found to exist during the contact and visit phase of this study are 
shown in Table VII-2. 

The following paragraphs describe observed sequences of the drydock 
treatment and control technologies listed in Table VII-3. It should 
be noted that certain of these processes and technologies are designed 
to reduce or eliminate effluents in drainage pump discharges and 
overboard flows from floating drydocks. others ar~ effective on the 
much larger discharges which occur during deflooding and sinking. The 
next few pages document procedures for the clean-up of spent abrasive 
and other solid drydock debris at seven shipyards which were visited 
and observed (labeled shipyards A through G) as well as procedures for 
handling cooling water discharges. 

85 

NWMAR 117047 



purpose 

Clean-up of Abrasive 
From Drydock Floor 

Frem Drainage Trenches 

centrol of wastewater 
Flows 

~a~le VII-1. WA~R OUALI~Y T~EATMENT AND CO~ITROL 
'IECIINOLOGl'ES CURRENTLY BEING USED IN DRYOOCKS 

Technolcgy 

Front Loader 
Eand Shovel and Broom 
Backhoe 
Eand Shovel 

sill, Channeling, or 
'Irench Drain for 
control of Gate Leakaqe 
and Hydrcstatic Relief 

Pollutants Possibly 
Aff ect:ed I\policabi 11 ty 

FLO, SUS, SET, 8M 
FLO, SUS, SET, HM 
FLO, stis, l5ET, 8M 
FLO, SUS, SET, 8M 

FLO, SUS, :SET, HM, 0 

pH = pH 

GO, FO 
GO, FO 
GO 
GO 

Air = particulates 
~CLIDS = SOlid Waste 
GO = Gravinq Dock 

FLO s ~lcating Solids 
SUS : suspended solids 
SET = Settleable Solids 
o : QLl and Grease 
HX : Heavy ~etals and Other Chem~cal Ccnstituents FO = Floatinq orydock 
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Table VII-2. WA~ER QUALITY TREATMENT AND CONTROL 
TECHNOLOGI~S UNDER DEVELOPMENT OR NOT &EING USED IN "DRYDOCKS 

Purpose 

Cl~an-up of Abrasive 
From Drydock Floor 
From Drydock Floor 
or Drainage Trenches 

Alternative To 
conventional Dry 

Ahr"ssive Blasting 

central of Wastewater 
Flows 

7reatment of Waste
water Flows 

Access for Clean-up 
OI=-erations" 

~ = Sewaqe 

Technology 

Mechanical sweeper 
Vacuull' Recovery 
Equi~lfent (Sta-

ionary or Mobile) 

~ater Cone Acrasive 
Blasting 

Wet A~rasive Blasting 
Hydrol:lasting (-steady 

" strealf or Cavitation) 
Closed-Cycle Acrasive 
Blast and Recovery 

Cyclone separaticn 
and ctelfical-Physical 
Pretreatment 

Cr~nr.elinq for ImFroved 
Fleer Drainage 

Curbinq & Channeling 
on Floating Drydecks 

scruPFer Boxes, Hose, 
Pifing, and/er Pum~s 
for Clean Water 
Disc~arges 

Cover Plates to Prevent 
Abrasive fre~ Entering 
Drainaqe System 

Ccntainlfent ef Flews 
frolf Wet Blasting 

Baffle Arranqe~ent for 
settling in the Drainage 
SysteJll 

Contained A~sorbent 
in Discharge Flc. Path 

Wire Mesh in Discharge 
Flew Path 

Aoaptation of Pontccns 
for Settlinq Solids 

Flat Floor overla"y 
Removal of Bilge 

Block Slides 
Increased Keel Bleck 
Clearance 
Hydraulic Bilge Blocks 

o = Oil and Grease 
~LO = Floatinq Solids 
5ussusfended Solids 
;ET = sct~leable Solids 

HM = Heavy Metals and 
Other Ccnstituents 

~H = r8 
• 
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Poll~tan~s In~ended 
'Io Be Affected Applicaoili ty 

FLOW, SET, 50S, 8M 

FLO, SET, SUS, 8M 

AIR 

AIR 
AIR, SET, SUS, 8M, SOLIDS 

AIR, SET, STJS, 8M, SOLIDS 

AIR, SET, SUS, 8M, SCLIDS 
pH 

SET, SUS, 8M, 0 

SET, SUS, 8M, 0 

SET, SUS, HM, 0 

SET, SUS, 8M 

GO, "'1> 

GO, FD 

GD, fD 

GO, FD 
GD, FO 

GO, FD 

GO, FD 

GD 

FD 

GD, FD 

GO 

SET, sus, HM, 0 . GO, FD 

SET, SUS 

o 

FLO 

SET, SUS, 0 

FLOW, SET, SUS, 8M 

FLO. Sl'"T, SUS, HM 
FLO, SET, SUS, 8M 
FLO, SF.T, SUS, 8M 
FLO, SET, SUS, HM 

AIR = Particulates 
GO = Gravinq Docks 
FD = Floatinq Drydocks 

SCLIDS = Solid Waste 

GD 

GO 

GO 

FD 

GO, FD 

"GO, FD 
GD, FD 
GO, FD 
GO, FD 
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Table VII-3. REPORTED APPLICATION OF THE TREATMENT AND CONTROL TECHNOLOGIES 

Shipyards Visited Shipyards Contacted (H Through ru 
Insuff1cient 

Pur~lSo Technol09::i !! !!. £. !!. ~ !:. ~ ~ E2..!!P~ Information 

Clcllln-Op of Front Loader * * * * * X * 21 7 2 
Abrasive From Mechanical Sweeper X X * X * X X 1 '!7 2 
Drydock Floor Hand Shovel * * * * * X * 26 1 3 

Broom X X X * * X X 5 :i~O 5 
Vacuum Recovery Equipment X X X Z X X X 2 j!6 2 

From Drainage Backhoe X X NA X X * NA 0 ,,0 30 
l>itchca Hand Shovel * * NA *' * * NA 0 0 30 

Vacuum Recovery Equipment X X NAZ X X NA 0 0 30 
Container Lifted by Crane X X NA X X * NA 0 0 30 

Alternative to Water Cone Abrasive X X X * X X X 0 0 30 
Conventional Dry 
AbrAsive Blasting 

Blasting 

Wet Abrasive Blasting X X X * * X X 0 4 26 
Hydroblasting 

Steady Stream X X X X X X X 3 4 23 
Cavitation X X X X X X X 0 0 30 

Closed Cycle Abrasive X X X Z X X Z 1 ;!8 1 
Blast and Recovery 

Cyclone Separation X X X X Z X X 0 0 30 
Chemical-Physical 
Pretreatment 

Control of Waste- Sill, Channeling, or Trench * * NA * * * NA 0 0 30 
water flows Drain for Control of Gate 

Leakage and Hydrostatic Relief 
Channeling for Improved X X X * X X X 0 0 30 
Floor Drainage 

Curbing and Channeling of X NA X X NA NA X 0 0 30 
Floating Drydocks 

Scupper Boxes, Hose, Piping, * * * * * X X 4 5 21 
and Pumps for Clean Water 
Discharges 

Cover Plates to Prevent X X NAX * X NA 0 0 30 
Abrasive from Entering 
Drainage System 

Containment of Floor from X NA NA X * NA NA 0 0 30 
Wet Blasting 

Trc.atment of Baffle Arrangement for X Z NA X X X NA 0 0 30 
\iAstewater Flows Settling in the Drainage 

System 
0 Contained Absorbent in X X NA X X NA 0 30 

Drainage Discharge Flow Path 
Wire Mesh in Drainage X X NA X NA NA NA O. 0 30 

Discharge Flow Path 
Adaptation of Pontoons for X NA X X NA NA X 0 0 30 
Settling Solids 

NOTE: * - Use 
X - Do Not Use 
Z - Planned, Infrequent 
NA- Not Applicable 

Use, or Under Development 
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Most of the facilities visited perform a manual pick up of large 
debris prior to each undocking. Such debris includes scrap metal, 
large wood chips or blocks, metal cans, scrap paper, paint cans, and 

c the like. After this manual pick up, with the aid of shovels, the 
debris is deposited into receptacles on the drydock floor for removal 
and disposal. Some shipyards require this procedure at the end of 
each shift. Upon completion of this phase, only spent abrasive and 
other small sized debris remain on the drydock floor. ·A variety of 
procedures and technologies to remove the remaining substances were 
observed. 

At many shipyards, no efforts are made to remove spent abrasive from 
the drydock floor prior to flooding. Docks servicing fresh water 
vessels rarely do any extens~ve blasting and consequently do not have 
spent abrasive to collect. In some cases contractual requirements do 
not allow time for clean up. Some companies regard the clean up 
process as difficult, time-consuming, labor-intensive, and hence 
expensive. The practice of no clean up· was observed in smaller or 
older drydocks, particularly those with raised bilge block slides and 
those not requiring keel or bilge block movement prior to the next 
docking. The necessity for clean up is perceived at these docks only 
when accumulations of spent abrasive reach such levels that it 
interferes \J;.ith keel or bilge block placement or movement, creates 
hazardous working conditions, or reduces productivity. Those 
conditions may be reached after only ~ few ships have been serviced or 
after many. Clean up may be as frequent as weekly or as infrequent as 
semiannually. 

When clean up is necessary, front loaders are usually placed on the 
drydock floor. With graving docks, cranes are required to lower the 
machinery into the dock basin. The front loader is often modified to 
permit access to the floor beneath the ships hull and consequently to 
operate while the ship is still in dock. The loaders scrape and push 
the spent abrasive into piles. Men with shovels and the front loaders 
then place the accumulated waste in containers or hoppers. 

When bilge block slides are present or low keel blocks are employed, 
the efficiency of operation of the front loaders is greatly reduced. 
The equipment has difficulty in passing over bilge block slides. 
Frequent stopping and starting, climbing and falling wears down the 
equipment and is time consuming. Laborers with shovels must manually 
clean areas inacessible to the front loader, such.as beneath the hull 
and around the blocks and slides. . 

To remove the remaining grit 
Workers with push brooms 
transferred to the hoppers. 

some 
sweep 
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In a few instances mechanical sweepers are also used.. One sweeper, a 
modified 1-3/4 ton truck, employs horizontal and vertical rotary 
brushes to loosen and pick up spent abrasive and oth.~r debris from the 
floor. These wastes are collected inside the sweep.~r. The sweeper 
can make two passes along the length of the dock befc)re becoming full; 
then it must be emptied before continuing. The sweeper dumps its 
content~ in a pile on the floor of the drydock. ~le pile is then 
loaded into containers by front loaders and laborers with shovels. 

The mechanical sweeper has no arrangements for lreaching around or 
under obstructions. It is also too high to clean und,er ships and can 
only clean those areas over which it passes. ~['he sweeper cannot 
operate effectively unless the floor is cle~r of removable 
obstructions such as scupper hoses, hoppers of abra::;ive, scaffolding, 
and materials being used in the drydock (paint can::;, metal plates, 
etc.). Thus, the sweeper does not begin clean up unitil after exterior 
work on the hull has been completed. When a large ship has been 
docked, there is little clearance along the sides or at the end of the 
dock. In such cases, space does not allow for the sweeper to be .used 
prior to undocking. ." .... _. 

Shipyard A has two graving docks and three fl4:>ating drydocJt.s It 
utilizes scupper boxes and hoses to direct cooling water discharges 
from the vessel to the dry dock drains and ultimabely to the harbor. 
Graving dock caisson leaks are intercepted at the' outboard end of the 
dock and pumped back to the harbor without coming into contact with 
solid wastes on the floor of the graving dock. Hydrostatic leakage 
flows to drainage trenches along the periphery of the floor and is 
pumped to the harbor. The wastes are invariably wet and packed from 
flooding or sinking of the dock, from rain, and from the movement and 
placement of equipment, men and materials. This makes the drydock 
floor at Shipyard A difficult to clean thoroughly. Also, Shipyard A 
drydocks have bilge block slides that are raised above the dock 
surface and interfere with cleaning operations. .' 9~·~if~f.; .. 

.. ' 
Clean up occurs whenever abrasive buildup has reached a depth such. 
that the bilge blocks can no longer be repositioned on the bilge 
slides. This is necessary following approximately five dockings. When 
clean up is necessary, front loaders are brought in to scoop and 
scrape the drydock floor. wastes a.re accumulated in piles, then 
collected in containers using front loaders and shovels. The 
containers are lifte.d out of the drydock by c.canes and placed onto .'·or 
emptied into trucks. Laborers with hand shovels accompany the front 
loaders, primarily under the hull and at the bilge blocks and their 
slides. 

~" .. 

Shipyard B has five graving docks and cleans up spent abrasive and 
related debris prior to each undocking. The clean up procedure of 
Shipyard B is identical to that of Shipyard A except that it is 
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performed more frequently. ~s the time for undocking approaches, 
front loaders and laborers with shovels clean the floor. ,In Shipyard 
B, the wastes are frequently dry. Shipyard B has no raised bilge 
block slides. Thus, the clean up at shipyard B is ordinarily less 
time consuming per occurrence than the clean up at shipyard A. 
Shipyard B uses scupper boxes and hoses to direct cooling water 
discharges to the drydock drains. The hoses observed, however, were 
in poor shape and considerable leakage flowed across the drydock 
floor. The discharges are pumped from the drains to the .barbor. 
Caisson leakage is intercepted at the outboard end of the docks and 
pumped to the harbor. Hydrostatic relief and leakage waters flow to 
trenches along the periphery of the dock and are pumped to the harbor. 

Shipyard C has two flush decked floating drydocks and also cleans 
prior to and after each undocking. The cleaning'is performed using a 
mechanical sweeper and a front loader. The sweeper and front loader 

'are utilized to clean as best as practicable before flooding. 
Following flooding and undocking of the vessel, the sweeper and front 
loader are returned to the dock and work unimpeded (except for the 
keel blocks and bilge blocks) and effect a complete cleaning 
operation. In every case, the sweeper completes its clean up 
including areas previously inaccessible subsequent to flooding, 
undocking, and deflooding but before the docking of the next vessel. 

Shipyard 0 has three graving docks and two floating drydocks. Clean 
up of spent abrasive and associated debris is performed on a 
continuing basis. Upon completion of a blasting operation, front 
loaders and shovels are brought in to collect the wastes into piles 
and then load them into containers. This operation may occur several 
times during a single docking depending on the scheduling of abrasive 
blasting. Following the use of front loaders and shovels, laborers 
use push brooms to sweep the docks. Just before undocking, the front 
loaders, shovels, and brooms are returned to the drydock floor 'for a 
final comprehensive clean up. On occasion, remaining wastes are hosed 
to the drainage system. The drainage system and the flooding tunnel 
are shovelled out on an as-required basis, but not necessarily prior 
to each ~docking. Scupper boxes and hoses are attached to the vessel 
in drydock to direct cooling waters to drains discharging to the 
harbor. Hydrostatic leakage water and water from internal. tank 
blasting units flow across the drydock floor to overboard drains where 
they are pumped to the harbor. 

Shipyard E has one graving dock. The cleanup at Shipyard E begins' 
with front loaders and shovels. The shovellers accompany the front 
loaders in addition to cleaning those areas the front loaders cannot 
reach or cannot clean effectively, such as at corners and surfaces or 
between bilge blocks. Wastes are consolidated into piles before being 
loaded into containers. A .mechanical sweeper follows the front 
loaders and shovels. The sweeper works like the sweeper at Shipyard 
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c. If these procedures do not result in a satisfactory floor 
condition, shovels and push brooms are used to complete the job. 
Flooding ports in the dock floor are shovelled out prior to each 
undocking. The flooding tunnel is' inspected and shovelled out if 
necessary. stairways are swept manually, as are the utility dugouts 
and the altar. Areas adjacent to the dock are cleaned by. a small, 
mobile, mechanical sweeper the size of a small front loader. No 
hosing of abrasive is performed at Shipyard E during the clean up 
prior to undocking. Clean up of abrasive and debris occurs for each 
ship at the end of its stay in the drydock, not on an ongoing basis as 
is the practice at Shipyard D. . Scupper boxes and hos,es are attached 
to the vessel after drydocking to direct cooling water discharges to 
drains to the harbor. The graving dock was dry with no evidence of 
hydrostatic relief or leakage water in the dock during the visit to 
this shipyard. : . __ '.~':' ... 

All of the shipyards·described up to this point service primarily 
saltwater ships which require high levels of abrasive blasting. Some 
shipyards service only freshwater ships. Clean-up procedures and 
technologies at these yards are correspondingly different. 

Shipyard F has two graving docks and services vessels that sail in 
fresh (inland) waters. This facility does very little abrasive 
blasting. Ships at this yard receive no abrasive blast treatment at 
all to remove paints. Shipyard F has no mechariized equipment for the 
removal of spent abrasive and other· granular debris. It performs no 
clean up of such materials prior to undocking. Large debris is picked 
up manually_ After flooding, undocking, and the subsequent 
deflooding, material accumulated on the drydock floor (which at this 
point includes silt and other debris which entered during flooding) is 
hosed to the drainage trenches. Hosing of the dock floor is carried 
out in order to maintain clean working conditio~ns and to improve 
productivity. Therefore, the clean up is not always complete, 
especially at the ends of the dock, near the drainage trenches and 
away from working or dock entry areas. Little hosing' is done on minor 
accumulations around the keel blocks or bilge blocks if no block 
movemen~ is necessary. periodically (every few months), the trenches· 
fill and require cleaning. All drainage water from t.he graving docks 
is pumped into a sluice. A floating box containing an absorbent·for 
oil and grease completely blocks the discharge end of the .sluice. 
Water can flow under (~he box extends only a short dlistance below the 
surface) and through the box, but floating oil and grease are removed 
by the absorbent. 

All vessels are evacuated and shut down dlllring drydocking; 
consequently, little or no water of any type is di.scharged to the 
graving docks dur.ing the serv~c~ng period. CaLis son leaks and 
hydrostatic relief or leakage waters are collected in trenches and 
pumped through the sluice to the harbor. 
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Shipyard G has two floating drydocks. During ship repair on one of 
the floating drydocks (a flush deck dock), spent abrasive is. 
consolidated into piles using front loaders and shovels. The piles 
are loaded into containers for disposal •. This· activity begins soon 
after abrasive blast operations have ended regardless of the remaining 
period for the ship to be in dock. Shipyard G does more abrasive 
blasting than Shipyard F, but rarely at levels comparable to the 
saltwater shipyards A. B, C, D, and E. Normally, the crew does not 
remain on board during drydocking at Shipyard G. Since shipb9ard 
services are shut do~n there are no cooling water discharges. ~On the 
second floating drydock (having bilge block slides an deck), spent 
paint and abrasive is cleaned up only when accumulations interfere 
with vessel repair operations or cause safety hazards. .This ,occurs 
about twice a year. The vessel is evacuated during drydocking; 
consequently, there are no discharges from the s:hip. . 

CONTROL AND TREATMENT QE WASTEWATER FLOWS 

In addition to clean up of solid wastes from the drydock floor, 
efforts to control and treat wastewater flows are being undertaken at 
many facilities. In the dewatered graving dock there are two streams 
of wastewater during ship repair operations: (1) cooling and process 
wastewater discharges, and (2) flows from various sources such as 
caisson leaks, hydrostatic relief or leakage, and industrial or 
process wastewater. Floating drydocks also have these wastewaters, 
with . the exception of caisson and hydrostatic leaks. Process 
wastewaters include discharges from air scrubbers, wet grit blasting, 
and tank and bilge cleaning. Tank and bilge cleaning wastes are oil 
and water mixtures. A collection and holding tank system, usually the 
Wheeler (TM) type, is used to remove and separate this waste. other 
wastewaters may be directed by hoses or allowed to flow across the 
floor into the graving dock drainage system, or directly to· ambient 
waters from floating drydock pontoon decks.' Miscellaneous water flows 
come from such sources as hydrostatic relief, non-contact cooling 
discharges, gate leakage, and pipe and fitting leakage. Existing dock 
drainage system designs allow process wastewaters to mix with other 
wastewater. They may contact solid wastes on the deck or in the 
trench before being discharged into ambient waters. 

The volume of wastewater discharged from a ship in drydock may depend 
upon the point in the docking cycle. As shipboard equipment which 
uses water is being shut down following docking, the volume of 
discharge decreases. The continuing volume of discharge from the ship 
will depend upon the size of the crew remaining on board while in 
drydock. SOme ship operators, such as the u.S. Navy, keep most of the 
operating crew on board even when the ship is drydocked for an 
extended period. This practice generates considerable volumes of 
wastewater. other operators may shut down all equipment and remove 
the entire crew even for short drydocking periods. 
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Another factor bearing on the volume of water passing through a 
drydock is the effectiveness and level of maintenanCE! effort applied 
by shipyard facility personnel to the many fittings and valves in the 
drydock potable and nonpotable water systems. :Indust:rial water usage 
is minimal and higher flows occur only if wet abrasive blasting, water 
cone blasting, or hydrob1asting is used. The use ()f hoses for clean 
up also contributes to wastewater volume. . Drydock industrial waters 
are sometimes controlled by channels, sills, and c~ainage trenches. 
Some graving docks have arrangements for intercE~pting flows and 
conducting the water to drainage systems. This l~educes contact of 
gate leakage and hydrostatic relief water solids on t:he drydock ,floor. 
Floating drydocks, on the other hand, generally lack arrangements for 
the containment of flows, and have no hydrostatic or gate leakage. 

Graving dock drainage system designs va~y widely but all involve 
networks of gutters, ~enc~es, and/or culverts which serve to collect 
the heavier settleable solids transported in indllstria1 wastewater 
flows. Unless promptly removed this debris may come in contact with 
water flows. To protect drainage pumps from excessi~le wear or damage, 
some drainage systems are designed with settling bafsins or sand traps 
to intercept and settle even the lighter particles. This removes 
transported particles from the discharge flow but may increase contact 
of water with solid wastes~ Some of these settling locations, such as 
shallow transverse and longitudinal gutters in the drydock floor are 
relatively easy to clean out. Large longitudinal drainage cu1v~ts 
under the walls of graving docks can be extremely difficult to clean. 

TREATMENT &ill CONTROL TECHNOLOGIES UNDER DEVELOPMmr QB ~ IN COMMON 
~ 

Many technologies are being deve1ope'd that potentially can reduce 
solid waste, expedite clean up and control wastewater flows. In the 
section on "Control or Clean 'up of Abrasive Through il\.ccess :In Clean Up 
Operations" these technologies are discussed. The selcond half of Table 
VII-I has summarized these developmental projects .• 

Control ~ Clean QE of Abrasive 

High-suction vacuum grit removal equipment, such as the Vacu-Veyor 
(TM) unit, is used extensively to collect and :remove debris from 
blasting operations in the ship's interior. Occasionally, however, 
the situation accommodates placing a container directly beneath an 
access hole cut, through the ship's side, to collect the debris 
directly. Several existing kinds of equipment,' not originally 
designed for dry dock use, are being evaluated and modified to 
facilitate the removal of spent abrasive and debris. Vacu-Veyor (TM) 
units are relatively Simple devices which are used in removing dry 
abrasive and debris from internal tank blasting operations and 
occasionally from drydock floors. They suffer, however, from a lack 

94 

NWMAR 117056 



of mobility and the airborne particulate materia'l cannot be 
effectively contained when bl~wn into open skip boxes (Reference 9). 
At least one shipyard is attempting to develop this equipment by 
enclosing the container and making the unit more easily moveable. Two 
other complex, high-suction vacuum machines are being evaluated and 
developed by shipyard facilities. They are the VAC-ALL (TM) 
(References 8, 9, & 12) and the VACTOR 100 (TM) (References 6 & 8) 
units. Both of these units have demonstrated tremendous capabil1ty to 
move large amounts of grit in a relatively short time'but both, in 
their present ,configuration, have many limitations for drydock 
application. A third type of vacuum equipment being evaluated for use 
in removing grit and debris from drydock floors is a low profile self
propelled device called the ULTRA-VAC (TM) Grit:Vacuum. It shows the 
most promise for application -in flush floored drydocks and can best 
be described as a powerful vacuum cleaner on wheels (References 8, 9, 
& 12). Until a design evolves from the development of these three 
types of vacuum equipment that will meet the needs of the varying 
drydock characteristics, most facilities will be forced to resort to 
labor intensive, time consuming techniques to remove debris. 

Alternatives to conventional dry abrasive blasting include water cone 
abrasive blasting, wet abrasive blasting, hydroblasting (steady stream 
or cavitation), and closed cycle abrasive blast and recovery. Some of 
these techniques have potential for reducing or eliminating the 
quantity of solids required in blasting but some substitute a water 
pollution problem for an air pollution problem. None of these 
technologies can completely rep~ace conventional dry abrasive blasting 
an1 all are in various stages of development,. Table VII-2' indicates 
which shipyards contacted are currently practicing these alternati.ves. 

A variation of the wet grit method of abrasive blasting.' called water 
cone, water envelopment, or water ring, is fairly new but rapidly 
gaining popularity particularly with increasing use of organotin 
antifouling paints on some Navy ships. This process projects.~ cone 
of water around the stream of air and abrasive as it leaves the hose 
nozzle. This is accomplished by a simple water ring accessory which 
fits around any standard blasting hose nozzle. This method has the 
atlvantages of dry grit blasting with less dust production. It does, 
however, add to the volume of industrial wastewater and rust 
inhibitors, when ,added, are present in the wastewaters (References 7 
and 9). 

Hydroblasting is a surface preparation method used when extensive, 
heavy abrading is not a requirement. In one technique a cavitating 
water jet is used as the abrading material. As explained in Reference 
13: 

liThe basic concept simply consists 
vapor-filled cavities within a 
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jet. By proper adjustment of the "distance between the nozzle and 
the surface to be fragmented", these cavities are permitted to 
grow from the point of formation, and then 1~o collapse on that 
surface in the high pressure stagnation regi4)n where the jet 
impacts the solid material. Because the collapse energy is 
concentrated over many, very small areas at c4)llapse, extremely 
high, very localized stresses are prod1l1ced.. This lOCal 
amplification of pressure provides the cavitatIng water jet with 
a great advantage over a steady non-cavitating jet operating at 
the same pump pressure and flow rate." 

Considerable success in laboratory experiments is claimed for the 
CAVIJET (TM) method but results of field evaluation are not available. 

Several versions of closed-cycle vacuum abrasive blasting equipment 
are undergoing engineering development and operatiolnal evaluation at 
various shipyard facilities. They all operate on the principle of 
automatically recovering and reusing abrasives. Abr,~ded coatings and 
fouling are sometimes separated and contained for land disposalu The 
machines, when operating as designed, are expected ·to eliminate both 
air and water pollution problems resulting from dust emissions and 
from solid wastes entering the drydock drainage sys·tern. If steel shot 
is used as the abrasive and is recovered, the solid waste load is 
reduced many times. Steel shot retains its cutting power even after 
repeated reuse. The closed-cycle blaster has limits however. These 
machines will not completely supplant other surface preparation 
techniques since they are large, heavy, and require considerable space 
for maneuvering. In addition, they are not designed to function on 
other than nearly flat or gently curving surfaces. More detailed 
information regarding come of these machines is provided in technical 
references to this document, particularly those prepared by or for the 
u.S. Navy. 

control Qf wastewater Flow 

The control and treatment of wastewater flows is critically tied to 
the segregation of wastewater streams. This philosophy is best 
expressed in a quote from Reference 6: 

"The key to cessation of unnecessary liquid waste generation ••• is 
seen as segregation of wastes as completely as possible and 
reasonable. Unpolluted waters should.' be segregated from 
contaminated solid wastes and vice versa. 

An appropriate system to collect and convey liqUid waste must be 
capable of maintaining segregation until contaminated wastes are 
removed from the drydock and unpolluted wastes are properly 
discharged to harbor receiving waters." 
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This report proceeds with definitions of systems 
segregate, collect, and transfer contaminated 
wastewater streams (and materials causing 
environmentally acceptable treatment systemsG 

and techniques to 
and uncontaminated 
contamination) to 

A similar philosophy of approach was reported in Reference 11': 

itA practical solution to eliminate the large volume of polluted 
wastewater discharge into,the harbor would be segregation of 
clean water flows from both spent abrasive and any already 
polluted wastewaters. This ·is the basis for the following 
recommendations. wastewaters can be divided into three streams. 
The first stream, comprised of hydrostatic water,· ships' c90ling 
water, and miscellaneous other equipment cooling water, 
discharges, could be collected in what will 'be henceforth called 
the clean water conduit. These unpolluted waters could be 
discharged directly into the harbor without treatment. The 
second stream, comprised of drydock sanitary wastewater and 
ships' non-oily wastewater, could be collected in a sanitary 
sewer and pumped to a municipal sewage treatment plant. The 
third stream, comprising all other wastewater' discharges 
including shi~s' oily wastewater, dock floor wash water, 
miscellaneous equipment washings, spills, sewer leaks, rain, and 
clean water which accidentally contacts the dock floor, could be 
collected in an industrial wastewater sewer and pumped to an 
industrial wastewater treatment facility." 

The facility that served as a model for these two studies is planning 
the implementation of the recommended improvements. 

segregation of water flows is accomplished by physical 
Collection can be through either or both in-floor and 
plumbing systems. For example, above-floor systems can be 
from PVC piping and attached adjacent to keel blocks. 

Treatment of wastewater Flows 

isolation. 
above-floor 
fabricated 

Innovative controls wil.l. be installed at one shipyard in i.ts graving 
docks having large transverse trenches or cross drains near the 
outboard or drain end. Involved is an arrangement of baffles in the 
cross drain as a me~ns of minimizing the discharge of settleable 
sol.ids and floating material.. The baffles will be instal.led so as to 
use the cross drain as a settling pond. A baffle acts as a dam to 
establish a water l.evel. and hence a retention time for settleable 
solids to separate. Water flowing over the top of this baffle-will go 
directly to the drainage pump. Upstream of this overflow dam, a 
second baffle wil.l. be installed to form an underflow dam for holding 
floating debris, oil, or other substances for collection, and ~r~oval 
prior to flooding the drydock. Both baffles will be removable. and 

91 

NWMAR 117059 



provisions will be made to drain off t.he water beld behind them. 
settleable solids contained within the cross trench will be removed 
for land disposal. The baffles w~il be installed after the ship is 
secure in the dock and the initial dewatering has been completed. The 
installation will not minimize the contact of solids with water 
streams, but is expected to .reduce the potential of solids ·transport. 

At one facility (Shipyard F), graving dock discharges, other than 
dewatering, are directed through a flume prior to emission to the 
adjacent river. Across this flume, near the discharge end, a floating 
box-like structure is placed in the flume after dewatering. The box
like structure holds a screen across the surface of the flow t.o 
prevent floating trash and debris from entering ambient waters. It is 
filled with absorbent material which removes· oil and grease from the 
discharge flow. The absorbent material is replaced as needed. 

Access !ll Clean-Up operations 

Two items of drydock design make efforts to clean 
wastes, such as abrasive blasting debris, more difficult 
They are the height of keel blocks and the existence of 
across the floor (or pontoon deck) for movement of bilge 

up industrial 
and costlyo 

raised slides 
blocks. 

Almost all existing drydocks have keel block heights of 3-1/2 to 6 
feet. Older docks tend to have smaller keel blocks. With short keel 
blocks the working space between the<drydock deck and ship bottom is 
too restricted for men using shovels and brooms tOt effectively clean 
up blasting debris and for using mechanized techniques currently 
available. This situation is most severe when the ship has a wide 
beam and a flat bottom. At least one new graving dock, currently 
under construction, will have lO-foot high keel bloc:ks. 

Graving docks and floating drydocks which have bilge block slides 
present a particularly severe problem to clean-up activities. 

These solids establish corners and crevices from which fine debris is 
difficult to remove. They interfere with the movement of wheeled 
equipment and increase ~aintenance costs of the ~~uipment used to 
clean up blasting debris (such as small frollLt loaders). The 
posi tioning of these tr_acks across the flow directicln of launch water 
may be beneficial, however, in acting as a submerged weir or dam., 
trapping sediment that would otherwise wash away. 

NON-WA~ER QUALITY ENVIRONMENTAL ASPECTS 

The control and treatment· technologies described in this section are 
designed to improve the water quality of drydock discharges. However, 
some of these technologies also impact, either favorably or 
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unfavorably, on other environmental concerns, particularly air 
pollution and solid waste~ This subsection addresses those impacts. 

Air Pollution Several control technologies provide alternatives to 
conventional dry abrasive blasting~ These alternatives include wet 
abrasive blasting, hydroblasting using either steady stream or 
cavitation, water cone abrasive blasting, closed cycle abrasive blast 
and recovery equipment, and chemical stripping. Comparison of these 
alternatives must include many considerations among which are the 
desirability and thoroughness of surface preparation, speed of 
application, labor costs, equipment modifications, capital required, 
occupational health and safety, and effects of possible contamination 
of water flows. However, all of the alternatives are extremely 
effective in. the reduction or elimination -of one of the most 
detrimental aspects associat~d with dry abrasive blasting, namely _ the 
production of airborne particulates. 

Upon impact, abrasive particles fracture. The larger fragments fall 
to the drydock floor or occasionally to adjacent land or water areas. 
Smaller fragments, however, become airborne or suspended, along with 
some particles released from the blasted surface. Depending on the 
wind, they may travel appreciable distances. Shifting to harder blast 
media reduces these effects only slightly. 

Most of the technologies listed above have been developed more as air 
pollution control measures than water pollution control measures .• 
Closed-cycle abrasive blast and recovery equipment uses a vacuum to 
pull blast particles from the air as they are released. This 
equipment (of which there are several types in various stages of 
development) is not totally successful in the recovery of . blast 
particles; however, the characteristic plume of aust emanating from 
dry abrasive blasting is eliminated and t.he level of airborne 
particulates and suspended solids is drastically reduced. Wet 
abrasive blasting and water cone abrasive blasting prevent the 
production of airborne particles by wetting blast fragments. The 
moisture-laden fragments then fall to the drydock floor or drip down 
the structure being blasted. Wet abrasive blasting is a particularly 
effective means of improving air quality in blasting. Water cone 
abrasive blasting, though not as effective, still reduces the air 
pollution problem to a local one involving only t·he blast nozzle 
operator and those in the immediate vicinity. Hydroblasting preempts 
the problem of abrasive fragmentation by eliminating the source, i.e., 
the abrasive. Only particles from the surface being blasted must be 
contended with and ~n hydroblasting, these particles are,wet, causing 
virtually all to drop. Chemical stripping completely eliminates 
airborne particulates since it involves no blasting. Chemicals are 
brushed on, allowed to work, then scraped off manually. Because slow, 
labor-intensive methods are required, chemical stripping is used very 
little. This technology trades off particulate emission for 
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hydrocarbons and other 
Closed-cycle blasters 
promise of eliminating 
blasting operations. 

chemical vapors caused by its high volatility. 
under development which u~le steel shot show 

essentially. all air and water pollution from 

Vacuum material handling equipment can be a source of particulate 
emission where open collection containers are used. The magnitude of 
this' emission depends on the geometry of the collE~ction system, the 
volume and rate of material being moved, and the matE~rial composition, 
particularly its moisture content and particle weight. Vacuum 
equipment is ordinarily diesel powered and thE~reby contributes 
hydrocarbons, nitrogen oxides, carbon monoxide, and other emissions 
associated with diesel engine combustion. Mobile units have greater 
fossil fuel energy requirements than station~ry unit~> and thus produce 
higher levels of air pollution. 

A number of the control technologies similarly affect air quality 
through requirements for power from local combustion equipment. 
l:!obile sweepers and front loaders are examples. Pumping equipment on 
mobile floating drydocks are usually diesel powered, so that drydock 
design changes which result in the installation of pumping equipment 
may add to air emissions. Such design changes include modifying 
floating drydock pontoons for use as settling tanks, adding filtration 
equipment or extensive new piping, and other effoJ::-ts to segregate 
wastewater flows which require additional pumping. Air emissions may 
not increase if the pumping requirements are split without increasing 
input energy requirements. Hydroblasting, by avoiding air as a 
propellant, reduces air emissions from local air compressor stations. 
This reduction occurs at the expense of emissions JErom the alternate 
compression source. The practice of shutting down shipboard equipment 
while in drydock also reduces air emissions, in this case, from fossil 
fueled equipment on board. 

Solid Waste 

Conventional dry abrasive blasting creates appreciable accumulations 
of solid waste. Where it is applicable, clos~ed-cycle blast and 
recovery equipment can greatly reduce the 'quantity of abrasive 
required and alleviate the clean up of spent paint and abrasive. 
Disposal of the material, whether from open or clos~ed-cycle blasting 
is required. Generally, solid wastes will be transported by a 
contractor to landfill disposal sites,. Though the d,egree to which the 
wastes are potentially harmful has not been alssessed, several 
considerations appear warranted. In order" to ensure long-term 
protection of the environment from potentially harmful constituents, 
special considerations of disposal sites should lbe,made. Landfill 
sites should be selected which prevent horizon'tal and vertical 
migration of constituents to ground or surface water:s. In cases where 
geologic conditions are not suitable adequate mechanical precautions 
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(e.g.. impervious liners) may be required to ensure long-term 
protection of the environment. A program of routine periodic sampling 
and analysis of leachates may be advisable.. Where appropriate, the 
location of solid hazardous materials disposal sites, if any, should 
be permanently recorded in the appropriate office of legal 
jurisdiction. 

Of particular concern is the disposal of the new organotin ·' .. wastes. 
These toxic compounds which are sometimes used in antifouling paints 
may be present in the spent paint, as well as originating from paint 
spills and overspray. Currently the Navy, for example, requires that 
these wastes be sealed in drums and shipped to a properly managed 
landfill. These precautions are taken to prevent runoff, seepage, and 
possibly leachi~g of organotin compounds. -

Other Environmental Aspects 

In addition to air pollution and solid waste, some of the water 
control and treatment technologies exhibit minor effects in other 
environmental areas. The shut down of shipboard services reduces 
cooling water discharges and consequent thermal pollution. Noise is 
also reduced. Alternative technologies to dry abrasive blasting which 
do not employ air as a propellant (hydroblasting and wet abrasive 
blasting) reduce the load on shore-based air compressors and less heat 
is added to the water. Thermal discharges from this source are thus 
reduced. Vacuum material handling equipment and other engine-driven 
equipment (closed cycle abrasive blast and recovery equipment, mobile 
sweepers. front loaders, etc.) add to the general noise level in the 
drydocks. 
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SECTION VIII 

COST OF TREATMENT AND CONTROL TECHNOLOGY 

INTRODUCTION 

The economics of currently applied treatment and control technology 
were obtained during shipyard visits. The technologies, as listed in 
Section VII, include: 

o Technologies for the clean up of abrasive 

o Alternatives to conventional dry abrasive bl~sting 

o Control technologies for wastewater flows excluding sewage 

o Treatment technologies for wastewater flo~s excluding sewage 

The costs of clean-up and best management practices were developed 
from information obtained during visits to shipyards A through G. 
These represent a composite of costs for these seven facilities, and 
are not ·specific to anyone of them. This information was obtained 
during the period March through May of 1976 and has not been adjusted 
for inflation occurring since that period. . 

The reported and observed application of these technologies appears in 
Table VII-2. Clean up of abrasive is practiced at each of the 
shipyards visited and has been for many years. Much cost information 
is available concerning technology for the clean up of abrasive. With 
the exception of scupper boxes and piping, and design features ·for the 
control of gate leakage and hydrostatic relief water, the other 
treatment and control technologies have found little application among 
the shipyards visited. Many of these technologies are in the 
planning, research, or experimental stages of development and could 
not be evaluated with respect to economics since actual cost data 
(particularly operation and maintenance costs) are unavailable. The 
cost data applies to current technologies for. the clean up of abrasive 
as reported and observed during the shipyard visit program. 
Developmental methods are not considered •. ,. ___ .... 

Throughout the history of conventional dry abrasive blasting, it has 
been necessary for shipyards which use appreciable amounts of abrasive 
in their docks to clean it up periodically solely to continue in 
business. Abrasive on the drydock floor can adversely affect working 
conditions and productivity. It can hamper the placement and movement 
of bilge blocks. It hampers the movement of mechanized equipment. 
consequently, shipyards have performed periodic clean up of abrasive 
from the drydock floor. However, in 1914, the EPA, through its 
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National Field Investigations Center in Denver, cololr:ado, recommended 
that shipyards increase their efforts to prevent wastewaters from 
contacting abrasive on the drydock floor and to clean up to nbroom 
clean" conditions prior to flooding or sinking. 

Response to EPA' s recommendations has been mixled. It is very 
difficult to segregate clean-up costs for environmental purposes at 
these shipyards and those costs which woul.d have belen incurred during 
the normal course of business. The estimated cost:s developed here 
reflect stepped up efforts to reduce effluent di:scharges to nearby 
water bodies. But no effort is made to isolate the cost of these 
stepped up effort.s. Costs presented later in this section are total 
costs of clean-up operations as currently performed. 

The cost data include capital, labor, operating, and maintenance costs 
incurred directly during clean-up operations. <;ertain indirect costs 
could not be estimated accurately and are not. included. A thorough 
clean up of drydock floor space, trenches, tunnels, and' altars can 
lead to increased drydock time per ship_ If such time is allowed for 
in contract arrangements with shipowners,' busy shipyard operators may 
find that they cannot service as many ships per year and must 
correspondingly suffer a dr9P in revenue. If increased time for 
clean-up activities is not allowed for, the shipyard, is faced with the 
loss in revenue or additional charges to the ship owner. Frequently 
at shipyards in this position, complete clean up prior to flooding is 
not performed. Either way, time delays create dissatisfied customers, 
and can harm shipyard reputations and good will as ~ell as current and 
future business prospects. These are important considerations which 
can produce hidden costs not recognized as clean-up related. 

On the other hand, the clean up of abrasive prior to flooding may 
provide some economic benefits. When abrasive blasting has been 
particularly heavy, collection of the abrasive may be required to 
profitabl.y carry out repair operations on a vessel. Thus, increased 
clean-up efforts may provide benefits as ,well as: increase costs. 
However, this section does not present a cost/benefit anal.ysis of the 
operation. Only those costs are included that directly result from 
the clean-up methods discussed. 

IDENTIFICATION OF METHODOLOGY CURRENTLY Q§!Q 1]! '~ MANAGEMENT 
PRACTICES 

Best Management Practices, previously defined," arE! directed toward 
clean up within the dock working area and c(mtrol of water and 
wastewater flows into and out of" the dock. Wide differences are found 
between facilities and conditions in facilities, and as a result of 
these differences, Best Management as practiced at one dock may be 
either inadequate or unnecessarily extensive if applied to another 
dock. 
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Any attempt to define a total cost of Best Management and to apply 
this to specific facilities is misleading because of the differences 
encountered. A preferred approach to defining cost is to evaluate 
costs of individual operations, which can be applied in Best 

G Management Practices, and normalize these to a standard application 
time, or extent. From such data the costs of Best Management can then 
be synthesized for individual docks depending upon the specific 
operations of Best Management required and the time or extent Qf these 
operations.. This approach admittedly will not permit an exact 
definition of costs because the components going into the values will 
not account for variations between facilities, for example labor 
rates. However, it will be possible to compare the costs attributed 
to different degrees of Best Manag~ment Practices for any given 
facility and to determine combinations of operat:ions w~ich may achieve 
equivalent results at reduced expend~tures. 

Only costs associated with. routine clean-up operations of Best 
Management Practices are considered here. Costs resulting from events 
such as oil and paint spills are not due to normal operations and are 
not incurred on a regular basis. The operations considered, in 
principal, can be applied in any facility but all would not 
necessarily be applied at any given facility. 

The cost of segregation and control of water and wastewater flows is 
not addressed. Most such efforts require structural modifications to 
the facility. This aspect of Best Management Practices is dock 
specific. Differences in facility ages, construction, size and 
configuration, and geologic and meteorologic conditions prohibit any 

. valid effort to generalize with respect to costs of modifications 
needed to achieve water and wastewater segregation 'and control. 

Clean-up operations for which costs are estimated here include both 
mechanical and manual techniques. Mechanical operations use front 
loaders, sweepers, backhoes, vacuum equipment, and closed cycle 
blasting. Worker use of shovels, brooms, and hose~ are manual 
operations and in some cases are needed in combination with mechanical 
methods. 

~ COSTS OF BEST MANAGEMENT PRACTICES 

The elements of cost which combine to make up the costs associated 
with Best Management practices include capital investment and 
depreciation, operating and maintenance costs for equipment, labor 
costs (with overhead), and contract costs where contractual 
arrangements are made. When equipment is used for multiple purposes, 
only one of which relates to the clean-up operations, the cost 
attributed to management practices must be prorated on the basis of 
the fractional time so used. 
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The approach used in this section has been to define the costs 
associated with methodologies used for clean up. These costs have 
been normalized to one eight-hour shift. For comparing various 
techniques which may be used in an existing facility, the unit costs 
per shift will be multiplied by the nwnber of shif1~s required for the 
cleanup cycle. 

Clean-up techniques and methodologies included jLn tr~_:: breakdown' 
involve use of front loader, mechanical sweeper, va<mum equipment, and 
backhoe operations. Labor costs ~or support of t.hese operations, as 
opposed to the direct operation costs, are separatel.y identified and 
in most instances represent manual operations when considered alone .• 
Disposal costs are estimated on the basis o~ unit vc.lume • 

. . :..~ 
Table VIII-I summarizes the clean-up methodologies "hlch may be used 
to implement Best Management Practices. The applicability of each 
method is shown. Where the cost of equipment or met~hod varied due to 
the presence of raised bilge block slides, two entl~ies have been made 
to allow for this effect. This has been done becaUEje of the higher 
maintenance costs and life of mechanical equipment subjected to 
operation over raised bilge block slides. . Under these conditions, 
depreciation over a three year period is used aLS opposed to eight 
years for service in a dock having a smooth floor. 

Table VIII-2 shows an estimated cost of solid waLste removal from 
shipyards. 
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Table VIII-2. COST OF DISPOSAL OF SOLID WASTE 
REMOVED FROM DOCKS (INCLUDES' HAULING AND LANDFl:LL FEES) 

Light 
Blasting 

Heavy 

Notes: 

Tons of 
Debris 

Per Ship 

200 

1,350 

Volume Number of . 
Cubic Yds Containers 

128 8 

862 53 

1. Cost Data as of March to May, 1916. 

2. Bulk Density assumed 116 lb/cu ft. 

Tot:al Cost 
~; per 

CleA!! !!P 

1,000 

6,625 

3. Standard container has 16.4 cubic yard volume. 

4. Cost per standard container is $125 for removal 
and disposal. 

In using the costs presented in Tables VIII-l and VIII-2 ·the 
operations required for best management techniques can be synthesized. 
Where mechanical equipment has been defined, olnly the cost of 
operating the equipment is included. Additional costs resulting from 
th~ need for shovellers to work in conjunction with front loaders (or 
for crane operation to move machinery and collected debris to and from 
the dock) must be added to define total cost of each operationo 
Finally, these costs are approximate and do not reflect regional 
variations, and are based on costs prevailing during the conduct of 
this study in 1916. :.~~~~ 

COSTS ATTRIBUTED !Q BEST MANAGEMENT PRACTICES ~ 
. "'::.r:::: 

ENVIRONMENTAL COSTS . 
'.''"~ ~.,,~ .. ~. 

Regardless of other considerations clean up of graving docks and 
floating drydocks must be performed at some time simply to permit the 
repair and maintenance operations to be carried out. Some facilities 
may find frequent clean up a necessary part of their total work 
effort, while others may routinely go for long time periods between 
clean up. Cost of clean up performed as normal maintenance cannot be':· 
considered ,environmental charges. . .. - ;'t~'-

Likewise, the cost of implementin'g a formal Best Management Practices 
program cannot be charged entirely to environmental restrictions. 
Such a program would be directed toward the management objectives, and 
these are primarily for operational purposes. It is possible that an 
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actual cost benefit may be realized as a result of a formal program to 
remove wastes at regular times,. but a detailed cost analysis would be 
necessary to demonstrate the actual effect. . 

G Only two operations have been identified which, in some instances, may 
represent environmental costs: (1) implementation of a management 
program requiring clean up at a frequency in great excess of that 
necessary to achieve Best Management Practices, (2) costs incurred as 
a result of special solids disposal methods required solely for 
environmental protection. 

In t~e first of these, only such costs resulting from the excess 
practices imposed could be related to environmental concern. In the 
more probable case such a program would be adopt"ed at -the discretion 
of the facility management. only where local regulations may be 
stringent enough to force this type of program could part of it be 
attributed to protecting the environment. 

The second example is more clear cut. In general contractual 
arrangements are in force for ultimate disposal of abrasive blasting 
debris. This material most frequently is landfilled. Many landfills 
are regulated to prevent contamination of ground and surface waters by 
the materials disposed of in them. Some are not. It may be necessary, 
in certain cases, to alter disposal practices by changing to certified 
landfills in order to prevent potential damage to groundwater by 
leaching constituents from abrasive blasting debris. In -particular, 
the disposal of organotin-based debris has been controlled by Naval 
policies which require that _ it be sealed in steel drums. Costs 
resulting from these practices may be considered environmentally 
incurred. 

In summary, shipyards which are currently operating under Best 
Management Practices programs probably will experience no adverse 
effects in, terms of excessive costs or reduced operations. Where 
increased effort is necessary by other shipyards to achieve Best 
Management Practices, minor effects may be noted. 
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SECTION XI 

GLOSSARY 

Anticorrosive paints - the initial layer(s)of paint on a ship's hull. 
The purpose of these paints is to prevent rusting. 

Antifouling paints - the final layer(s) of paint applied to a ship's 
.hull. They inhibit the growth of marine organisms on a ship's 
hull .. 

Bare Metal - hull metal that has had all paint and marine organisms 
abraded in preparation for repainting .• 

Building Basins - a graving dock used solely for ship construction. 

Eilge water - water and oil that collects in the lower hull. 

Bilge blocks side blocks placed on the drydock floor. They are 
located according to the dimensions specific to a particular ship 
and help stabilize and support the drydocked ship. . 

Bilge block slides - raised lateral tracks built into many older 
docks, used to move and position bilge blocks .• 

Broomed clean - see "Scraped or Broomed clean". 

Closed cycle blaster a type of acrasive blaster that reuses 
abrasive, usually steel shot, and often collects removed paint 
and marine organisms. 

Cooling water - non-potable water used for shipboard purposes such as 
air-conditioning and condenser cooling during the drydocked 
period. 

Deflooding the pumping out of the flooded (filled) drydocks. 

Dewatering - see deflooding. 

Dock leakage - hydrostatic relief water, gate seepage, and other water 
leakage other than ship originating wastes that leak into the 
dock floor. 

Drainage discharge - the daily effluent from a drydock. This does not 
include deflooding water. 

Dregs - silt, grit, or other particles deposited on a dock floor 
during dewatering. 

121 

NWMAR 117083 



Dry abrasive blasting - a process to remove paint, rust, and marine 
organisms from a ship's hull. The abrasive usually a copper slag 
or sand, is conveyed in a medium of .high pressuJr:e air through a 
nozzle. 

Drydock - either a graving dock or a floating drydock. Also.to place 
a ship in drydock. 

Flap gate - a rigid one piece gate hanged at the bottom. 

Floating - raising of a submerged floating drydock. 

Floating caisson gate - the most common type of graving dock gate. It 
is floatable and can be moved to permit, entry and departure of 
the ship. 

Floating drydock - a submersible moveable platform to enable repairs 
and maintenance of ships out of water. 

Flooded dock - the filled dock following flooding. 

Flooding - the filling of a graving dock with water. ·to permit entry or 
departure of a ship. 

Flush deck construction - a flat dock floor not having permanent bilge 
block slides. 

Fresh grit - unused abrasive. 

Front loaders - a type of machinery, similar to a bull dozer used to 
scrap collect and transfer spent paint, grit and marine organisms 
that collect on the dock floor during blasting. 

Gate - the closure that separates a graving dock from the harbor.. It 
is removed to permit entry and departure of the ship. 

Graving dock - a dry basin, below water level that is used·for repair 
and maintenance of ships. 

Grit - abrasive. 

Hydroblasting the use of a high pressure water stream to remove 
paint, rust, and marine organisms from a ship's hull. 

Hy1rostatic relief - the water that leaks into a dock through 
and cracks in the floors and walls of a graving dock. 
equilibrates groundwater pressure~ 
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Keel blocks - blocks positioned on the floor of the dock, fitted to 
match the keel surface of the ship. The drydocked ship is 
positioned on the blocks. 

Launch water - the water in a flooded graving dock. 

Manual clean up - use of shovels, brooms, and other equipment which is 
not. power operated to clean the dock floor. 

Mechanical clean up - ~se of machinery, such as front end loaders, 
mechanical sweepers, or vacuum cleaners to clean the dock floor. 

Miter gate a pair of gate leaves~ hinged at the dock walls which 
'swing open to allow passage of a ship into, and from a graving 
dock. 

Primer - see "anticorrosive paints." 

Sand - often used to describe any dry abrasive. 

Sand blas,t - dry abrasive blasting. 

Sand sweep - a light dry abrasive blast used to remove only the outer 
layers of paint and marlne growth from a ships hull. 

"Scraped or Broomed Clean" 
mechanical sweepers, 
debris. 

or 
using 

brooms 
shovels, 
to remove 

mechanical 
abrasive 

loaders, 
blasting 

Scupper boxes - containers used to collect water that runs off a ship 
deck. 

Shipboard wastes all effluent discharges originating from a 
drydocked ship. Included are' sanitary wastes, bilge water, 
cooling water, and cleaning wastes. 

Sinking flooding of caissons and lowering of floating drydock to 
permit a ship to be positioned over the dock prior to floating of 
the dock and docking • 

. 
slurry blasting - see "wet abrasive blasting. 1I 

soil chutes - flexible hoses, usually made of rubber coated nylon or 
canvas used to transfer shipboard wastes from the docked vessel 
to the appropriate disposal system. ' 

Spent abrasive - used grit and spent paint, rust, and marine organisms 
that collect on the dock floor during blasting. 
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stripping - see "drainage discharge." 

Wash down - the hosinq down of the dock, and sides of the ship 
following docking to remove silt, marine organi.sms, etc. 

Water cone abrasive blasting - a type of blasting t.hat uses a cone of 
water to surround the stream of air and abrasive as they leave 
the nozzle .. 

wet abrasive blasting - a process to remove paint., rust, and marine 
growth from ship's hulls, in which high pressure water propels an 
abrasive. 

White metal - see "bare metal." 
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TABLE 

METRIC TABLE 

CONVERSION TABLE 

MULTIPLY (ENGLISH UNITS) 'by 

ENGLISH UNIT ABBREVIATION CONVERSION 

acre ac 0.405 
acre - feet ac ft 1233.5 
British Thermal 

Unit BTU 0.252 
British Thermal 

Unit/pound BTU/1b 0.555 
cubic feet/minute cfm 0.028 
cubic feet/second cfs 1.7 
cubic feet cu ft 0.028 
cubic feet cu ft 28.32 
cubic inches cu in 16.39 
degree Fahrenheit OF 0.555(OF-32)* 
feet ft 0.3048 
gallon gal 3.785 
gallon/minute gpm 0.0631 
horsepower hp 0.7457 
inches in 2.54 
inches of mercury in Hg 0.03342 
pounds 1b 0.454 
million gallons/day mgd 3,785 
mile mi 1.609 
pound/square 

(0.06805 psig +1)* inch (gauge) psig 
square feet sq ft 0.0929 
square inches sq in 6.452 
ton (short) ton 0.907 
yard yd 0.9144 

* Actual conversion, not a mu1tip1i~r 
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TO OBTAIN (METRIC UNITS) 

ABBREVIATION METRIC UN'IT 

ha hectares 
cu m cubic meters 

kg cal kilogram - calories 

kg ca1/kg kilogram calories/kilogram 
cu m/min cubic meters/minute 
cu m/min cubic meters/minute 
cu m cubic meters 
1 1 iters 
cu cm cubic centimeters 
·C degree Centigrade 
m meters 
1 1 i ters 
l/sec liters/second 
kw ki110watts 
cm centimeters 
atm atmospheres 
kg kilograms 
cu m/day ,cubic meters/day 
km kilometer 

atm ,atmospheres (absolute) 
sq m :square meters 
sq cm square centimeters 
kkg metri,c ton (1000 kilograms) 
m meter 

~ U. S. GOVERNMENT ?RINTING OFFiCE ! 1979 C - 307-065 
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Envi:ro:rnrental ......... ...., ..... r::v ... .,.. Industry Office, Office 

S .. W., washington, D.C. 20460. 
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This summarizes the ~rk on Polychlorinated. Biphenyls (PCBs) that 

performed U • S. EnvirOl'l1'leI1tal Jlg'ency COntract 

No. 68-01-3259. Mr. Kopp was the Program for the 

throughout p:n-fonnance of this ~rk, and his supp:nt 

acknav'ledged. • 

S. in 

1930, , , 
and e.l.E~trj 

terlCe and 1960' s a :ban on manufac-

ture use in the .. v........... SUbstances Control kt 1976. This report 

SU1'tlI:arizes the use of and much of the literature on the uses and. 

toxicity this ma.terial. In regulatory 

that have been taken to the hazards to health an:i environ:rent 

from 

use 

rep:Jrts 

activities 

accunulation environment fran their con-

elec::trical equi:pnent. The retort primarily a sumnary 

pn=pc~ed in support the EPA's regulatory 

PCBs. 
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1..0 

On June 26, 1975, the S.. Environmental Protection 1J.rr~:'T\rl'\r awarded 

contract no. 68-01-3259 , this ....... .,., ........ !:" ... +-, 

that Versar would be C!.i:I.::..J. ... ;ucu. a number of tasks assess 

econanic impacts which would OOrlSl.C:leJ: 

toxic substances.. The first task assigned ........... """'" this contract required 

Versar to 

biphenyls 
surr:marize the existing data on 

to identify industrial seqlIOOIlt 

use polychlorinated 

lIIlPacooo by 

task was canpleted, became a issue within EPA, 

and scope the work to Versar was increased as 

~I"""""',,,,,,,", additional support. report work 
next four years for the EPA unc1er contract and 

a tOJ.10W'-C>I1 oJntrac:t that was closely related to w::>rk.. All of this work 

supporte:i regulatory activities involving PCBs, so the description the work 

............. UIo ......... a history use , a SI..:Itt'I11arY of 

regulatory develop:nent, and references to related research re'!;Orts. 

2.0 BIPHENYLS 

Polychlorinate:i 

can be ae:SCI::.l by the 

H 

2.1 

H H H 

H H! H 

were first 

production of 

was ...... cvc:.I.V~1CU. 

H 

H 

are a of 

aramtJi.c hydrocarbon IT The 

x 

X+nHCI 

x x x x 
WHERE X = nel. 10-nH 

descrfre.d 1881 , 1881). 
beccme possible until an t::>rV"'nr ..... 

the 19208 the biphenyl 
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Biphenyls were prcduced in carrnercial '-1 ........ U I. ..... u. s. 
they by swann • , , Alabama. 

manufacturing biphenyls, Swann Research 

(Jenkins, 1930) and. properties 

the manufacturing process 

PCBs they were marketing under the 

tr2adenarce Aroclor 

llu..AL..L.LL"":;::) of chlorinaterl 

) • were descril:ed. as 

of a 

light oil a rlJO<~1.c of chlorination. nunber of 

cc:mrercial applications were , including use in varnish, as a 

fireproofing for 'WOCXl, electrical equipnent as a liquid dielectric 

and. as a canponent of electrical insulation, as an ingredient in adhesives, as 

a replacercent canada in microscopy, as a substitute chicle in 

chlewJLna gum, and miscellaneous uses including printing inks and textile 

(Penning 1930). A technical article described the cc:rnpati-

bility in lacquer 1931). The 

major use was aor.::aren1: as a liquid dielectric capacitors manu-

factured General Co. starting in 1930 (Clark, 1962). General 

also developed use PCBs 

described. in articles published during 

PCBs 'Were manufactured 

electrical applications as 

1930s (Clark, 1934: Clark, 1937). 

Alabama, plant by Swann Fesearch, 

and. corporate successor, Monsanto Co., until the plant was 

shut down 1971. Monsanto also manufactured PCBs at its plant at Sauget, 

Illinois, until only other known S. manufacturer of 1?CBs was 

C1enew Industries of Houston, , manufactured. PCBs heat 

applications from 1972 through 1974. 

had suggested in 1930 proved 
PCBs were useCl. as liquids appli-

........ , ........... Ii~.., such as food (Smith, i Coulson, 1957), 
applications (Clark, 1962), (Skrentny, 1971), caroonless 

..... .;:;>,~, 1972; (YOWlg, 1974). 

terphenyls were as a for insecticides (Tsao, 

1953 ~ ). A Monsanto marketing to PCBs which was published 

their use as expansion in ta!1Pera-

, as sealants furnace roofs, as 

-2-
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, waxes, , 
in lubricants and oils, adhesives, in IX>lishing waxes 

, in sealing caulking can-ing CCI1npr:JUl 

J;X)Ul1d.s , , and as plasticizers plastics, paint, varnish, and 

addition, a number of uses (M::msanto , 

.been patented over a list patents see: Interdepartmental 

Task Force on 1972, pp. 70-74). 

on the toxicity was in an 

(Smyth, 1931). Skin problems 

exp:>sure \r!lere to 

cesses including manufacturing , 1936) l-

I 1936), industrial painting (Binningham, 1942), and cable 

insulating (Good, 1943). Systenic of exp:>sure to mixtures chlorinated 

organic canp:xmds PCBs \r!lere noted 1930s , 

and \r!lere evaluated by exposure studies (Bennett, 1938: von Wedel, 1943~ 

1944. ) In much of this early \«Irk, used 

ca:nmercial mixtures which ............................................ ... n ..... T~...... naphthalenes, 

PCBs were 

eventually defined the (Treon, 1946; Mclaughlin, 1963; American 

Irrlustrial I 1965), and rep::>rts health problems beCame 

limited to e., Meigs, ). Infoxmation on toxicity 

as a pc:>l6SJLD~,e cause chick """""'<""'::::I U. ... i:::lCCLCC 

(Mc:;O.me, 1962; Flick, 1965) 00 caused ccn-
feEd with chlorinated dil:enzerlioxins. 

OJring 1960s int:erE:St 

environmental le\Tels pesticide such as DDT chlordane. 

develop:nent 

each CcrnpoUl 

low of these canp:xmds in JJ ...... ./ ... u':::! ... ,.;a ... "' .... ,It-' ...... "" required 

sensitive 

each and 

present. The technique 

chranatography. In 

a long heated tube which 

could both separate the 

was develope::l to ~1rir'''I'''m 

method., a small arrount 

packed with a mat:erj that 
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adsorption for the different canpounds in the 

sample. tube is then with an inert , the differEmt can-
pounds are "","''''TTl''" out the tube at different titnes a that is 

sensitive to chlorinated organic canpounds and that gives a 

resp::mse P!1JPC)rt,iorlal to the amount chlorinate:S. material the stream of 

inert time required each canpound to move through tube depends 

on temperature, the ty:pe packing, of flushing with 

ani the characteristics of the particular canpound. Therefore, the identifica-

tion of environmental sample depends an knCMing the V'cr1I-ICi11'I_ 

tion of canpounds and the the detector to each canpo\lIld. 

This req,uires that known ccmpounds be run through the colunn and detector, and 

as a result, only knONn canpounds can be identifie:l. chranatography proved 

to be a very useful method for detenn:i.ning the concentrations of lCIW levels of 

pesticides in environmental samples I rut detector usually recorded the 

presence a number chenicals that cculd not be identified by ccmparison 

with known pesticide c.hf:~caJLs 

1966, SOren Jensen atte:npte:1 to identify the unknown canpounds that 

were order to determine 

when the unknown cCJ:l1tX>1.ll1ds first appeared biolcgica1 samples, he analyzerl 

feathers, had museum ccllections. He 

the 1m,.,....... materials in 

chlorinated 

pesticides or 

1....I.J...,..I.o.J. ccmnercia1 

in 

A discussion 

published in 1967 (Widrnark, 

to the 0..".1-".,..,..,.,.. 

'Were 

as the source 

1966). 

as 1944, before the wide

the unknown nat:erl 

of pesticides ,1972). 

use 1944, 

the unknown ccrnpounds, 

eventually 

publisherl 

PrE!se1:lce of pesticide analyses was 

1967), and this off a number of investigations 

contamination by • The discovery 

TNere COl1ll'Jn in in sufficient conce1:ltratians to affect 

the of wild birds was published. in J.968 196'8). This 

article was up in 

possible human health 

press 

fran 

-4-
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The Yusho incident that occurred. in ........ ~ ....... ~ st'I'l1n9r 1968 added 

to the public concern over was a case widespread 

rx:>isoning caused by contamination cooking oil. were used 

a on the high terrperature 

to ~'-'-LI.. 1000 were affected. by con-

taminated. oil (Kuratstme, 1971). The resulting concern over 

tory and. increased. research throughout the ~ld. In July of , a 

sjmilar in United. a 

chicken as the result of of PCB heat transfer fluid.. U .. S • 

Fcx:xi and. Administration evemtllal thousands chickens and 

eggs that were fed this cofLtarninaterl (Pichirallo, 1971). Starting in 1970, 

'VOluntarily limited """'-i .... "" of PCBs to closed. electrical --..!.--~c:-~'!"'''' ........ 

applications (Wcx:xl, 1975) recarmended that existing heat 

................. ~ and non-PCB (M:msanto, 1972). 

This voluntary ban was canp1eted. by t.lJ.e end of 1973. M)nsanto closed 

Ala1:Iama., :maJOW:actl 

1972, a great deal of research was 

suo:marized in various review their toxicity (Kimbrough, 1972; 

Kimbrough, 1974), environmental impact (Peakal1, 1972; Harrm::md, 1972), environ-

mental distrihltion (Nisbet, , uses 1972), 1"'1'1""1:",=1"'1"'= 

(Fries, 1972) and chemical analysis (Reynolds, 1971). 

on was ccrnpiled in m::::mograph "The Chemistry 

1974) .. amount published infonnation on PCBs has 

rapidly since the as now 

............... "'" infonnation 

grow 

__ """'1££ published 

surveys 

(Quinby, 1972; 

1976; Kornreich, and. annotated. bibliographies 

water Resources Research, Water 

i 1978). 

2.2 

The Yusho incident crEeat:el considerable concern the TJ. S. over 

Mninistration possible contamination of food by PCBs. u. s. Focd 

started routine sampling of .I. ......... ....,.;;;> PCBs 1969, soon .I.Vl.IJ.1U. that 
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in 

nent 

contamination 

as a ccmpo

was contamination 

nt::rCXIUC:e:l into the as a canponent 

=>.J...1''-C J::ecane apparent that 

1965), 

problem 1971 

1973). 

, o;;;:>'...aJ..I..L.L.,::;IJ.J.I:::u. action levels for PCBs food 

at 0.2 pp:n in milk, 5 py;.m in c...A..UJ..I.'<; _ .... _ ........ of fish,S pp:n in poultry, 0 .. 5 

ppn 1970, prepared. a sumnary the available infonnation 

on the and toxicity s. of Health, Education, 

Welfare, 1970). , the FDA published a notice proposed ruleraking 

I U.. S. oapart:rrent Agriculture also 

... "", ........... + on ways that it to PCl3 contamination Foctl 

(U. s. , 1972.) 1973, the 

FDA fo:cnally established 

, 18096). The pDopc>se:d a 

no action has been taken on 

0, the COUncil on studied. regulatory 

In its rep:Jrt 

"Toxic SUf::lstanc:es 

1971). ..I..lL • .l.l..JLcu.. resp:::nse resp::>n-
........... , ........ >J.~ a task 1"' ..... , ... ,....::. 

tion on Task 
, 1972). 

establishment 

a program for 

However, vverenot 

were prarulgate.d. 

-6-
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The O::cupational Safety and Health 1dninistration adopted the standards 

PCB e:KfOS1.lre in in:iustrial air that had previously been establishe:i by the 

American Ind.ustrial Hygiene Association. The National Institute of Cccupatiol'lal 

Safety and Health c:onducted a major review of available data and an extensive 

program of ir.dust:ry assessnent in the mid 19708, and the rep:>rt recan

mend.ed. that the allowable coocentratial of PCBs in the 'V.%k place l:e red.uced 

(NIOSH, 1977). :.Eictiever, CSHA has not yet taken action on this recat'l'rBldation. 

Gcverrment actions restrictinq the use of PCBs 'W'ere not limited. to 

the llnited States.. Japan banned. the manufacture and use of PCBs in the early 

1970s because of public pressure followinq the Yusho incident. StNeden ba.nned 

the use of PCBs at al::xJut the same tine. International actions were also taken 

to reduce the risk: of fc:xxi contamination PCBs during the early 1970s (cc:m, 

1973; OE:D Counc:i1, 1973: The Council of the European Ccm:nunities, 1976). 

3.1 

68-01-3259 was awarded by the 

Versar on 26, 1975 1 Sllpp::>rt 

first task on new contract was 0.;;:'<:: • ..1.""1' by 

Project V"'J. • .l.I..,.O~;:;.&. 

s. econany 

Toxic 

sponsored a on No\renl:er 

, 
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as 

The 

relOOI:ts ~~e h::>1.I,I.d.LI.I. 

* 

* 

* 

shortly J::),Store , 

a oal:er backclrC)UIlO on 

the 

C1l::i,:::t.J..~~UII;U Mr. 

the contractor expand 

""~~.I.Q.I" rep:lrts un::1er Task 

'W:lrk was Dr.. Robert Durfee. The 

RQ!:;~nses nn 

con-

an aSJ3es;snent use 
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the investment industry and 

impacts. Versar pr(xr.r'am managers were Mr. Donald on Task and 

ROJ::::JeJ::'1: .... 'I.U.,.&.cc on III. '!be following reports were subnitted resp:mse 

to ,. . 

, and 

Based on three on work perfo:r:med within the 

mental Protection Agency, the EPA published reccmnended disposal procedures for 

(Federal Register, 41 FR 14134) and proposed effluent standards for PCBs 

PCB tuf.acturE!rS and fran capacitor 

manufacturers that 41 FR 30468). 

.Act (TSCA) on 26, 1976. This ::mu::.nri'rTl<::l.T'I required establish ................. 

ban on the manu-and maIDalCeIl an 1CI"t7"''''''+' 

and processing PCBs. This amendment 'Was incorporated TSCA as 

6 (e) ani became a 

, 1976. The 

On July 15, 1976, 

on 

of 

fOl::ma.~ tasks were 

requi.ranent TSCA was 

1, 1977. 

m::rlified to support additional ...... u ......... "" ... 

technical this "WOrk was 

contract (Mcd. 4), 

were prE!paJced 

internal EPA use. The Versar program m::Ilr1.:::1rfe:>T' this ~rk was Mr. Westin, 

report being J.VJalnaCrer who was as 

the principal autlDr report. '!be .... '-'~ ...... v, ...... 

c. 
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* 

* and 

* 

* 

3.2 

EPA involved. support 

ec:oncmic 

Or,....,.,...·::.,.., Manager on this \'.iOrk: was 

were as 
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'11: 

Recarmendationsas at 
IrrlustrJ.al 

'11: 
Pollutant Effluent 

Transformer , 

* 

* 

* 

*' 

*' 

reJ;Ort in APlperlO1X C. 

-11-
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On 2, 1977, 

in 

pranulgatErl 

and transformer manufacturing 

3.3 

the Toxic 

to 

of P.I'O};:OSed 

or fran 

that 2, 

July 1, 1977. 

EPA 

8, 

proposeCl 
a 

performing econanic impact analysis 

UJ.e;maK'.lllQ hearing. 

The carltr,act was mcxlified on !\I"',..~,...J.. , 1977, (M:Xi. 6) to " .. , ......... , .... addi
this work econcrnic suptXJrt. 

was 

c. 

Project 

Program Ma:nacrer was • Robert 

of 

. . 
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3.4 

ing 

present an 

lJ.>.-'''''''''''sed MarJ9.ng and Dis 
6-77-013, NTIS PB 

!:"ElleI:aJ. Register, FR 26564) . 

29. Mr. 

:Marking 

2, 

The u...LC;LI. ... ..L~JLL:::I was 

6 (e) (2) and 6 

manufacturing, pro::::essing, 

a totally 

1, 

cc:mnerce 

Appendix c. 

-13-

.... + .... ....,. .... July 1, 

health or the 

, 1977. 

PCBs on 

were 

on 

, 
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gocd were made 

Kopp. 

by Mr. 

the public 1lIC:lC"_"' .. j,j,'-!I"" 

Marking on December 3 0 , 

The 

and Versar ;:)UJ...lLtJ.C.l:.t::l.l 

the 

try: 

3.5 

In 1978, the 

substitute 
'IioOrk 

1,...1.";"00<:::: provisions 
washington, D .. C. on 

, (M:xL 7) 

announced that 

Project 

'WaS supervised 

, 1977), 

~uld not 

until 

65264) • 

proposed. regulation, 

equipnent 

the 

NWMAR117112 



Planning and Managanent. On ,April 19, 1978, the EPA a'.oTatrclen contract 
number UU-LL'-- to Versar for , preparation 

impact reJ:JC,rt 
the public hearings on the proy;osed The EPA rT· ..... _ ..... _ 

ject was Mr. Steven B. Malkensen, Office of Planning and riJaIlaqE!llEmt 

The Manager was Mr. 1978 , 

subrtitted the rePJrt: 

that was issuoo in SUt:1P01:t 

(Federal ~ister, FR 24801). Public 

D. I 

, 

August 21 through set:)te:nt::E!r 1, 

.................... y on the econcmi.c rmract::.s 

Ban Regulations on 

were held in 

• Mr. westin 

the prq;:osoo 

Fol1cwing the 

November 1, 1978, 

continuErl. 

and use 

) . 
On 1'I."r ....... ...,.,...,1"""=>,... 15, 1978 , re!XJrt on 

Final 

1978. 68-01-4771 

7, 

a 

, 

duration of contract and revisions of econanic impact 

as required 

Stephen Weil was .............. "., .......... 

contract the final this 

in A0100r~ 
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on 30, 1979.* 

through Fedlercl~ Register was ext:.leC't:ed 

to occur 1979. 

st.mnary c. 
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{containing 42% and 

R.J. i R.K.; Seagron, H. 
Coho Sa1.rrcn and ...,............... ....... ........... ,... .I...lI:>1.I">.C;;;t 

Aulerich I J. ; 
and Mortality in 

Vol. 

Binningham, D ( 
3, pp. 

R. (l975b) .. 
1975, 

on 

PCB ppns 
(Nov. , 

"Nonf1arrmab1e Dielectric 
8. 

(1971). 

-17-

G. (1971). 

from 

Chip 

II 

II 

II 
I 

II , 
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Feeding Chlorinated 
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Significance 
3rd 
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6, 1973 19044-5 

7, 3B 

Dec 27, 38 353B8-

2, 42 

44 10271-84 

Promulgated List 

A-I 

.l.U~"'.I.'- Pollutants I 

....... "....... Standards I 

under 
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Apr I, 1976 

8, 1976 

Jan 5, 1977 

19, 

21, 1977 

May 24, 1977 

Jul 15, 1977 

Feb 17, 1978 

Jul 18, 1978 

2, 1978 

Aug I 1978 

, 1978 

Dec 20, 1978 

Mar , 1979 

41 14134-36 

41 

42 1067 

42 3701-2 

42 20640-44 

42 26564-77 

42 36484-85 

43 7150-64 

43 30882-3 

43 33918-20 

43 38087-88 

43 

43 

Reccmnended l)~f300lsaJ. Procedures. 

Work 

of 

Notice • 24, 1977 Public 
Rule-Making under 

Proposed 

PCB Disposal Facilities. 

& 

List Approved PCB 

of 

Cc:I1:n1E!lrlts on 
........ J.!Q.-I. Administrators Authority 
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Dec 

Jun 7, 

Jun 7, 

Nov I, 1978 

Jan 2, 9 

42 

44 

44 

24802-17 

Versar .. 

Ban 
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37 5705-5707 Notice 

6, 38 Foods, . , . 8 

11563-66 

Apr 1977 42 Food - Pro};X)Sed 

, 1978 43 17060 carcinogenicity 1254. 
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.. Unpublished. 
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PB 
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270-225) , 

Elimination/Reduction Technology 
and Trans-

1976. 
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and 
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" (Oltline of the technical aSf3eSsmE!t1t 'WOuld require::i 
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"CCm:nents on 
14, 

RegUlations" 

l'E:conanic 
p:::l'sal Fconanic 

*Westin, 
arrl SCXrl, D. 

; Drabkin, 
IIMic:roeco.nanic ,I 

68-01-4771 

on Manufacturing 

Disp::>sal 

Draft. January 27 I 

n 'Cecanber 29, 1976, (Revised 
Unpublished. 

(Early 

'-""-'[11'0-""'-'-, 1.1 
Disposal 

National 

D. 
BelPQI:t, 
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rv..l.:! ..... u..;l. ... ",j.. JJrlat:ea. Biphenyls 
68-01-1587) 

{mIS PB-258 

: and V09'el, G.A. I1PCBs REmoval in Publicly-OWned 
Re:pxt, Task 13. EPA Corltrc:tct 

ton, D. c. : StanCiards 
............................... LQ' U. S. Envircmnental Prc:>tE!Ct 

the Waters in 1976 - li:"UCLY ............. ""' .... 

• 16, Task Contract 
and 

Environmental Protection IlNt=>n,..,,:r 
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TOXICOLcx:aCAL CCNJUcrED UNDER TASK I 

Special Report February 19 I 1976 
(Included in "PCBs in United II as ApJ;.:Iendix 

study presents concerned 

with PCBs: of PCBs 

areas 

potential 

The PCBs are sumnarizEld, emphasis placed on 

potential UJ.oU.l'IC:OI.U ~..!I;C;!'.l.I. .. LJ, hazards .... U,\A,;;;,I;; ..... widespread use PCBs the United 

Tests been calducted of 

a variety of anima.ls ........ ~ ............... "'::JI addi

in Japan where approximately I, 000 people censured tion, ........ """-'-= was an 

oil that was corltaJlt1l.r:La' 

led 

to localize tissues and do not 

lxxly, leading to ctmlUlative or chronic toxicity. Early toxicolcgical evidence 

concerning chronic adverse health animals 

as and rats observational humans rrore rec:::erltJ. 

supplemented by additional experimental findings in a ....... ",,,,,,,,, 

correlation """" .............. for symptans note:rl. in humans those 

noted in UILJ"'~ suggesting the dose/response ............................... u .... ""' ... and meta-

!::olic phenanena in humans are .............. ~~ ........ '-"_''''''..... in rronkeys. 

to sane pathologists, PCB ex]::x::>~rur can cause cancerous 

short-term 

QU • .I .. .lLIC::U-O and ............... ,''''' dem::>nstrates are a 

Follaving was 

the potential hazards 

possible substitutes. a 

a substance includes: 

1) and. 

2) Manufacturing prcX::e:SSE!S pJssihle 

3) .:nemoC1Vl1aI1lJ.C:S, 

NWMAR117133 



I 

III 

v Industrial 

ENV:I:R.oNMENTA DISTRIBUTION 

I 

, 1976 

of PCBs 

C-2 

PAGE 

1 

4 

25 

220 

n ~6 

X as routes 

B 

C 

D 

E 

F 

envirornnent - general 

297 

314 

322 

F-l/-
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prexiuction, use I 

,chlorinated (PCBs) the ..., ................. States 

poly

information was obtained 

by the prcxiuction PCBs I the use of 

user industries, past and present creJneJ~at PCB-contain-

wastes, environmental transport and cumulative .L."-"C::&U. ... , potential al ternati ves 

to usage, losses to and potential PCBs the 

enviroment, and current regulatory authorities control. 

approximately 1.5 billion pounds PCBs been 

sold U. S.. since 

least 95 cent Of this anount, 

ca:pa.ci tors and lSforIreI:s, but aOOut 290 million p:J1.lI1d.s are believe:l to 

"free" 

a 

In 1974, U .. S .. use 

was '-1..1...::"' .. ..1. 

s. 
decachlorobiphenyl) were used 

new u ...... _ ........ 

Although PCB 

.......... , ....... 150 pounds are be 

(22 pounds) and. ttansfomter 

) .. Dnported materials amounte:l to aJ:out one per 

PCBs in 1974; 400,000 pounds 

Tt:>C!t-!nI::~n.,.. casting, 

wastes can 

.), the 

a severe 
PCBs .... ..I.\JU.J. ... :::::UL 

,000 

of ways .1.J..J.LL.L,,"C the hazard, are rec::::armenctE:c1 

lvbnsanto and portions of 

have reduced PCB 

through 

and handling, and aJ.Eip:J:sa.L 

prcduction and 

equipnent which use 

over the , 
USE~·epjLllq , improvec:l waste collection 

........... _v'-""'I.~ incineration. 

""............. are very small in coupeu: 

NWMAR117135 



severe 
problem in the DU-..L.;::o.JJ. 

of raroving 

for 

ca:t"lxm treatment can prcduce end-of-pipe 

one ppb or Other aci!:30rt:etlts 

appear et:Eec:t 

or a~:sp:)sea 

The 

use. 

, 
still be in inventory 

are 

The rn;:)st pt'1:m:i.sjLng u,.;;;;,'-""""' ....... 

fran proo.uction and 

contaminated 

liquid 

gVC;;;j; ...... ,~.I.¥ C1l.S1POS3a.L meth::x1 

on land by the 

technically ~¥'~~~~~.¥ 

(decachlorobiphenyl, or .......... , ....... , 

res·t:rnE~t casting in::iue;try 

ccmpa.rison 

plants rel:JOI:t rlecemt use 

of capac~ 

nor their ~ .. "".,.., ... 

allow a ccrnparison 

are 

health 

vacutll\ 

must 

devel-
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C-5 

tUl;;;.t:i1;l1d'r:~"es to use new 

testing of pranising substitute ) is un:;ler 

way; industry-wide acceptance within three years as sub-

orleSEm.t, choice PCB-filled 

appears to be baserl primarily on cost considerations. 

No ....... "" ................... ,. t:.:::IC:ilrr1el~S 

ing waxes are apparent. 

by this industry. 

Atmospheric fallout 

rake , the 

substitution PCBs (deka) 

a source of PCB" 

contribution present appears to much 

than the inputs fran p:lint sources such as minicipal sewage treat-

and paper recycling. 

The 1n'I1:lort 

PCBs is 

water. 

inputs 

biota) 

to 

of atmospheric transp:>rt of PCBs p:ltential 

........................... that availability sinks fran 

possibly to short times to evap:>ration sea 

biphenyl 

PCBs .. 

regulatory authority over PCBs in the unitErl States 

reduce the environment, although 

waterways fran industrial sources can 

pri:lct,lCE!S are regulaterl only 
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on 

of 

and a 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

1) 

2) 

3) 

4) 

1) 

C-6 

Task I, March 9, 

Jack Faucett .n.i::I'~''''''Cl.I .. II:;;''' uncler SUlJCcnt:l::'ac~ 

factors to l:e taken account 

content 

on type of use 

on~~~ t~ ~~~~~ 

oriented toward pr<J'te:ct 

exoosure to 

user 

waste 

restrictions 

such 

Araclor 

use 

"".,.."'''''T was made of 

was decided that 

areas was na:c:ied 

f-'Y',::,,:::t;::~"1- rranufacturing use 

changes 

environment transoort and 

past incidents 

COlntJ:.-ol.s are: 
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C-7 

2) disp:::>sal 

3) use 

S01tterJlt casting wax, 4) Limitations on 
capacitors, , and electrical transformers 

each proo.ucts are: 

L"Y.":lJ"'Io..::I> fran continued. use 

2) Present alternatives 

3 ) timing of a b:m ~uld have on and aV4:;;L.L...I~(;U.'''' 

4) fram use 

Cost ban of PCBs 

1) ............... (;4..... ban on will 
probla:n but run. 

2) smooth transition to PCB alternatives unlikely .I..JI:;\",o.l..l= 

3) 

4) 

and probability 

should 
supply .. 

explained. 
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I 

v 

B 

C 

o 

s~ and conclusions 

Recarmendations 
r.J",,~-o .... use and waste characterization 

of ,........JL.. ......................... 

tat:ement on Dow'r s 

1 

4 

18 

79 

84 

138/227 

A-l/A-2 

B-l/B-3 

C-l/C-6 

0-1/0-18 
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This report presents the 

nanagement and treatment teclmology 

a study of available 

purpose 

tant concentrations and daily load ............... <;;;;VQ.L.I..I.C 

biphenyls (PCBs) manu-

facturing; transfOIIl:lE!r manufacturing. All plants 

PCB discharges to either water;,.ays or , under OOlr:J1'laLl. 

operating conditions. All plants storm sewers or directly 

wa:teJ~LVS under rainfall conditions. 

\\laste;yater technolog ies and cooperative 

lalx>ratc'JrV work with several suppliers equip:nent and research 

facilities con:t:u:::n:le!d car:t:xm adsorption teclmology the :best current can-
didate 

oonsidera:i as an 

l?CBs wastewaters. V-()ZCI11a't:llJn was 

ha;.Jever, it offers p:ltential of CCltlPlete destruction PCBs all the wav to CO2 , 
\\later, 

Another adsorber: technology IlOW' in 

a pJlymeric ad~;orberlt , has aaron c!+-"'.::I+-'~ 

equivalent to I""':01 ..... i'"'v""'n during lal:oratclry i-,,:u:i-c: 

For scrap 

nonburnable contaminated .;;:)\.,I.I. ........ L ... 

that was 

neoo.e:a with 

discharge objectives can be best a ........ .u.'W by "'"..I. ............. discharge 

streams recycle Q'u'.:::t-.::.mc: -rtrm ..... :::.,.. .................. J..I. ...... ~'!I \\lat:er 'WOUld 

The wv, .......... be 

plant w:ruld excess wa:ter w:ruld be 

a designed system which W\.J'~ 

Supporting data, recamnerll:1ec1 treatment 

teclmolCJg'ies and as~soci~1:.e:a ............ "'+-C:! are corltamek'l in 
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report summarizes use 

approach to determining 

biphenyl and 

waxes are 

be no 1"'"0'''''''''' 

251-842 

indus-

establish a '--''t-'' ..... <;;;; 

st<:mc:e, is 

pr()CesSE~s used 'Will 

the 

"" ...................... , ... alternatives to decachloro-

use unfilled 

" 
cost on the orcler 10 

, process 

potential environmental 

selection. 
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rnvoLVEMENT 

FINAL REPORT, W 

AND 

, 1977 
INDUSTRY 

560/6-77-005 

This paper discusses in sources, losses of 

PCBs in the U. S. paper indUStry. i.n1us-

try was as an ink in cwroolnlE:!ss copy 'PalJer 

various for NCR 1957 to 1971. 

rapidly 
canpanies that r"IiiiM~"ro 

1242, a PCB Ill.l:ltttlI'e l"V"II"I+-!'I 

'Which ti9re 

the carbonless copy PCll:Ja' 

chlorine, was used as a 

..... J:'Ii:" ..... "' ........... to one 

high pre~SSln: WV~A.I..U. l:::lIe applied a pen or ,000 pounds 

this purpose during the period 1957-1971. 

average the paper was 3. use· PCBs the 

paper industry" was inks, which consumed approximately 50, 000 !XJUllds PCBs 
1968 1971.. 

that use in their 

PCB CO!1ICerltrc3.tions effluents, 

have declined since the use of carbon1ess pal:er was ter-

1971. Concentrations in }JaIler 

< 1 ccmron for .............. .... 

Sel6Clre t:realmmt plants. reasons 

disposal 

of or 

the year. 

snaIl 
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, but this contril:::ution appear 

to :be 1 .......... '-~.uJ.... at present. 

by UO.UJ'-I 

peak 

during 1970-71 pre-1957 in the 

are 
the water . Dis-

solids and. 

suspended 

to 

recover 

raw 

re-

are 

which are Ha\..iever, 

products are 
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1977 

560/6-77-006 

NrIS 

The TAOrk prE:!BentE!Ci , an ex1:erJLSlJOI I 

, an atta:upt to ~ cane al::out 

a carpJund, such as the so contaminant?" 

The mrk the construction 

by historical data 

1; .... .w;u.u,.1;;;: contEm}?Orary !Ilei3.SllrSrerlts nec:e~!3satrY "' ........ w... the meaSllre

ments do exist SUQraef;t that the ......"., ... "" .. ="""",,,,1- menace 

biosphere and hence that actions to ......... ,"'+ ....... 1 wU.J~""'" a truly 

on a mass that is, 

tnc)sp.hel:~e may 

solution, 

remainder 

on susperrled solids, and by uptake within 

by 

bio.t-t.ll, with 

the input PCBs being off II loss If prIQCE;!s::;es 

surface '-\..1 ......... -=> ............. ..... by outflowing streams, entrapment 

the 

canplicated by the nec~eSE>l. 

as a time: i.e., 

the absence of a 

environment, 

the 

ApJ;:Jerl!lix C D 

I and 

as 
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C-14 

.I. ..... ~ ..... g I 

SchEn1atic Showing Relationship the Various Sections 

Environmental ----~ ...................... -----------
(C) 

Free PCB 
]J:)ad M:del 

(C) 
t---;..;;..;..---1r1-------.... -----4~ ..... IIIIIIIt - .......... ~ ...... -t 

Atm:>spheric 
Rese:t'V'Oir 

M::de1 
(C) 

Basic 
M:xlel 

(1) 

I 
I 

- __ .J ___ _ 

M:xlel 
) 

r.b:1e 
(6) 

"The or 
subject matter. 

Lake Michigan 
M:xlel 
(2) (3) 

Great Lakes 
M:xlel 

(4) 

Suspended 
Solids 

bloc.lt refers to 

Continental 
Atm:::lspheric 

M::ldel 

1 ..... ___ ...... _ 

with 

i I 
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are: 

a. 1975, load estimated be 3.76 x 
108 lbs. 

b. , the 

United States x 10 7 .. The 

total be 

one fom or another .. 

c. 1970, sane 

6 x 10 7 lbs. of 

total mobile 

d. 1975, the near 

was 

e. The 

0.9 

f. of 

4.32 .. 

a. A plausible scenario irrlicates a nr,~~,n1"·"".;:lIV (water 

plus susJ;e11ded the order of 7-10 ppt. 

b. A;t:m:Jspheric fallout constitutes the major 

Michigan .. 

to 

c. eVi.:U::X:>ra'tic)n or co-d.istillation (the >O'V'''''-''+' ..... ,...,.,.."".,., ... 

not kncMn because the PDtxE~SS is 

expected to have a ........... u ................ 

PCB loss 

;::)v,,L..J.. ..... >=> within 

o1:'''t-or'''''' on the 

understood) 

can be 
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e. The ", ............ "I;! 

f. 

a. 

b. 

c. 

d. 

e. 
can 

a. 

asa sink 

as to the proper ,,0.-'1..."""'::; 

sheer bulk the water 

independent 

the Drt9SEmt 

external sources. 

J.CClUl::I to an o."1'~~u.... PCB ...,....,"' ... "''''' .... ,''''''' .... 

ratlqe of measured. values, Le., 40 ppt. 

Erie and lake 

2 or 3 

loads in the absence 

obtained sarewha.t .l...llI..;J.U!I;;;:L to the 

lake 

other 

all sources 

include: 

for a ....................... 

, 
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c. The MaC::KaLV 

applicable in 

tion. 

v«:>lkoff co-distillation 

e. 

The significant 

canpared that 

situation r.It'\<!:li..........::. 

i"o,I"'.e>,., ...... ':O' in activity of PCBs in bulk ...................... _ 

the surface layer is probably the driving fOl:"ce 

far the creation of a surface concentration y.LC;~"""= 

c.J.\..I............. that an ----.l 
atmospheric res;9rV'oi 
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occur as a 

560/6-77-007 

uses 
:mpa.cts which 

are 

two 

Joy Manufacturing Co. PCBs also be a 

(PCrs) wax manufacturers 

waxes. Harzever 1 

guaranteeing' that such con-

as coolants because 

nel:tn.ess which mini-

system continuous teJ:nt:eratures. 

are 

of .,......" ........ >:j machinery by Joy \Vhich use are lQ(3.de~s, 

the TOxic 

use PCB fluids 

for an exlBm:rl:l 

which were 

thE!re are apJ:,ro:K1.nla 

, 
were 

air cooling 

continuous 11"""' ......... 

wwld cost 

bS"taIlce:s Control Act, owners 

known as CCJ:l1PC:rurJldS , which 
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OFF~CE OF TOXIC SUBSTANCES C-19 
CHEMICAL LIBRARY 

machined without ............ _ darra.ged. machining , comp::>und 

rerrcved ei tber by or using an '"""I' ........ ,,"-'ii;;) sole 

producer of COIt'1EXJunds which is M. 

Mamaroneck, N. Y .. 

Inves1::n"ent a rrethod. of producing metal ~~Q 'Which may 

di.nensional tolerhave complex shap3s and which have a surface 

ance nu~ .. _. carmot be matched by other It involves 

making a pattern out of wax; pattem is , or " 11 

with a refractory coating 'Which hardens room temperature. The wax is 

then melted and/or burned out of the mId. The Iretal poured in 

allowed harden. Invest:rrent is production 
a ~ ........ __ vol'f...m'E small, which are ........ , ........ ~ ........... 
or impossible to machine. 

are in v=-L...... reasons. 

melting point: cause 
the wax to harden f'::u::!+-t::!,r by improving thermal conducti vi ty: 

thermal the wax, 

nensional Q ..... ,~ ...... the finished .....,;;;;.'-Q..I ....... ' .... data on loss to 

the environrrent is not available, but jJVi~Q,j'.J¥""'" loss include mId 

production, rrold mId firing and preheating, wax reclamation .. 

are united 

~\~i three CUJITemt 

did in the past but no 

in their formulations, and +-k,.-"""", others 

.... TV'TQ'V' do so. All 

the same distributor. 

The following 1-"'-'.............. with res:pec:t 

n"\i't:!stlrrer:Lt casting waxes are not:ed 

1) PCT 

2) 

an 

use tooling COIlt1lJQunclS 

waxes who ,-c<~;u. 

aec:acLe I none seems to 
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finish. 

4) 2 and 3 above I apt::eaJ:'s that ac(:::ep'tat:::l.le 

containing waJres are available., 

, 

C-20 

..... t;:~;o.;:;:><;...... using 

for use 

critically de

surface 

5) imForted aJ:'e fOmld excess of O. , the 

can action ensure adequate quality control. 

6) If PCTs are found "Plt::'eslen:t an unreasonable risk of injw:y to 

or the enviroflIll:mt,1I they-
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ASSESSMENT OF 

Final Report, 1979 560/6-77-008 

NTIS • FOrthcaning. 

report ......... ,"' .......... .;;; ..... '" as OJ.E!J.e:Ctlt"J in trans-

fOlrJ'I:E!rs, rrotors, 

r8IJlalceJ:nellt ---ole .___ are summarized and technologies are 

'!he major use of PCBs in lfoIlIJ!:!rs are: 

• gas-filled and ,cast coil construe-

tion 

• oil-filled transfoDmers located in locations or installed in 

a 

• High fire !:Oint liquid dielectric-filled i:ransfo:r:m:!rs, 

, and synthetic hvc1rccarlX:m 

• liquids ./."IQ':M;;;y. 

be replaced with available oil-filled, 

or dry are 

of the 

Alternative capacitor are: 

Alkylated ITDnochlorodiphenyl oxide 

biphenyl 

possible capacitor cUEHectrl --:J..---- are 

of 
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2, 1976 

440/9-76-020 

The general rv,-r=r,,.. of T.1:::11!-o::::.Y' use in 

equipnent 

to 

or 

is favorable, 

the units 

specifications. Nevi1er plants 

, use much 

of CI"4::>CE!SS 

4.0 

such reduction or 

industry 

fran one plant) of no 

I 

to ensure 

and 

sourCE!S of the 

sources 

(with a 

con-

eliminating 

this 
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alternative aPI:>roactles this 

industry The technology 

'tnC)8e of 1 and Sections 2 .. a and 3 .. a of this Mdendum. 

preaches were S8J_8C't:ea to a range PCBs control 

of costs. 

The estimated costs are as as was poI9SJ..bJ..e 

'WOrk. Based on previous 9XI?er'l.eI1Ce in this area, we 

J..I.(;:u.I.I._,= costs are those 

least re

. Costs for 

segregation are variable from plant to plant, and Q'-'_l..LL.CI. 

is 'only possible as a result plant -L""""JLL piping, . , 
which was """,,,,"~n 
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and maxim.:m of all 

will 

are zero. 

regards to 

one 

C-24 

230/1-76-068 

fran 

discharging 

issued. 
because 

to cease PCB use will 

t:i.ming of the ~"';.L='.L.UJ. 

use f..'.t..J~V.t.. 

based. on 

ftl:~ansfc)rr:tler users I 

as 

80. 

July 1976, 

on 
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plant ..... u~..u....... cause 

sum:naries : 

Govenment 
Regulatory 

A 

B 

C 

Process Change & carbon 

Maximum CarbOn 

Mininum caJrbcm Treatrrent 

'!he cost of each of teclmologies 

al::x:we costs are an mvestIrent costs 

were COIlS1CSJ:ea 

since 

,207,000 

$ 392,000 

$ ,000 

I but 

that 

control eguiprent 

in IEsponse to 

emanating from timing 

econanic impacts can ..I.'i;'~ as 

I s voluntary ban an 

ct. ..... " ........... Substances Control 

use by 1980 l.nCle-p::mdtent of 307 

Total investment costs 

tI:eatnent 1-0,,.,1"'0""1"1 .... ';...I'4-'L.Ci:I are 

on 

transfoJ::"Irers 

rrodel 

discharging 

capacitors. 

only t:e::1LercU 

Conclusions on 

rrodel would actually install the 

the 

total annual ......... ,:!+C! 

I,.Q.I,J..I.t:: below. OUr 

companies with 

produc-

i.e. , 

to each 
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Plants that "au 

Install Treat.ent: 

itor 

tal Investment: 
a 

Trans former 

itor 

tal Annual Cost: 

itor 

0 

1 

0.0 

.26 

0.0 

.14 

11 

0 

0 

0.0 

0.0 

0.0 

0.0 

an on 

C 

0 

2 

0.0 

0.0 

.10 

1'0 Uischa 

0 

1 

0.0 

.31 

0.0 

.19 

? 
I\.) 
m 

00 
LO 
T""" 

I'---
T""" 

T""" 

0:::: « 
~ 

S 
z 



standards which YoCUld. lead ............. .... would 

cause 5 direct u..a.i::>YLia..LYI't::: 1...t;;!.}JCI .... ..I. c:lt .. ..,,~,...r'llQ trans-

forrrer to stop using 1980 as 

would othe:rwise cx::cur. one remaining rna,n-

ufacturer could ccrnply with the regulation by the nec:::es:saJt:1 

rrent equipnent. early would reauce inClus'tfjr-
wide .......... ....;1, .......... 

tramSjl:orrr:l:!l:'s by aOOut 50 r:eJ:~ce'lt 

ment would be $ .26 million with of $ .14 ~llion. 

standards which 'WOuld lead in Alternative B would 

cause capacitor and tr(ms:tat::m:~r .... ~ .. ~~.-o;> arrong 

using PCBs 1978 rather than 1980 as fJIJOuld occur • 
.I..I..p;=~ early in producticn would reo.uc:e 

of PCB by about 45 T"'ICI't'.,......::oT,f-

al:x:mt percent. 

standards which ""LlLL .......... 

cause 4 L.LL~_= ... 

forner plants to stop LL"'., •. uy 

otiter1w:i.e;;e occur.. The 'bYe 

ers a:lUld 

equipnent. 

with 

...... A .... ~ early cu:t:tsL1J:meI'lts 

wide production .... ;cu .. .l(;LI..,.J.. ..... " by 

PCB tr,msfOllO.'!Jt:'S 

than by 1980 as would 

30 }:E!:t::cer'lt 

transjtOI'J!tel:'S by al:x:mt Industty-wide invesbrent for 

equiJ:lfleI1t would be $ .. 23 million annual costs of $ .10 .I. .......... ...... 
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C-28 

Treabt:ent 

1:aIlaaros which would to in zero discharge would 

cause 

nent 

other ~:ec.te<l 

1980. 

5 

1980 as 

occur. The one .L.CU.lC..l..l manu-

These 

Indust:J:y-wide for control 

an cost of $ .19 million. 

the ....... " .... , Cll.!;cnarcre plants 

tI'E;nCls as well as data collected fran tr(ans:fo:t:l'!'lE~r 

solely effluent corltrc::lls 

plants re'l:)re:serl 

( 2) 

irurreJasE! can 

controls. 

inc:::reiase nore 

an 

to 

technology 
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can be ati:ribu1:ea to section 307 (a) 

only six specJl.l:J..C .!:' ..... c;;u ... ......, 

remaining plants will be covered 

controls 

19 plant capacl. 

a future .r..C\.jI.W.Q. 

will 

however. 

There are no significant on .................... constmlption, 

C-29 

paynents, or errployrrent. The announced and ap);:>aDEmt to non-PCB 

and the expected demand for capa.citors and transfomers are likely to increase 

rather than decrease and employrrent. However, 

corrpeti tion, danestic might absorb 

sate cost increases in lower Prt):tl. . since 
are either part of a much larger company or a reasonably good al-

terna.tive, reduced profits will not necessarily lead to significant mduc-

tions in employrcent. Them will be no reductions do in-

crease and if nt..m'lbers of people are neE:!CI.ea non-PCB 
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COSTS UV - \.JU'.JJ.. ..... LL 

II 

<:!'l7,::!+''''>m<:! with carbon aruror.btJ 

1 PCBs 

cost """"'..-"''"' over the carbon ""'\"T'''''''''''1Tn 

C-30 

p~ss 

SeE)'terrtbe~ 27, 1976 

UV-ozonation 

~:a.l:l:::~r than 50% higher 

However, 

in UV-ozonation 

carbon system 
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DETAILED COST ESTIMA'lES FOR ALTERNATIVE 
TREAn-1ENr TEOINOI..OGIES HYPaIHETICAL .l..&H.1~ 

CAPACI'IDR AND TRJ~s:m'RMI'~ l.·JIMI.'lI.JJ::.l'l~""'J.'uru 

Addendum to Final Re,POrt, OCtober , 1976 

were are: 

A) 

B) ~use 

nodifications and ,........,"'.f-... ·"""'"'f-rr..<;::.n+ of prclCe~;S wat:Elr 

carbOn adsorption. 

C) Minimum trea'l:Irent. 

A 

B 

Alternative C 

Capital Invest::rrent 

capital Invest::rrent 
Annual 

capital Invest::rrent 
Annual 

2 

are: 

, ,900 
52B, 

3,811,400 
922,900 

1,58B,400 
,000 

$647,000 
,700 

935,500 
222,300 

5 ,500 
138,200 
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Flow (gpn) 

Liquid Vol. 

Width 

Length (ft} 

COST 

1. 24 

2. 3 

3. 

4. 
5. 

6. - 2.0 

(1000 gal) 

EKcavation Cost 
($1000) 

Lining IX Cover COst 
($1000) 

Total Basin Cost 
(SlOOO) 

Pumps IX ($1000) 

Basin & 
(SlOOO) 

80 

20 40 80 

86 176 345 

24 34 48 

48 68 96 
2.6 5.1 10.2 

0.5 0.7 1.3 

3.1 5.8 11.S 

20 

23.1 25.8 32.5 

Oct:OOE!r 1976 

a bentonite lining 

installed 

to 

in the 

cover @ 

160 320 640 1700 

690 1380 2760 7340 

68 96 136 222 

136 192 272 444 

20.S 41 218 

2.3 4.1 7.6 18.4 

22.8 45.1 89.6 236.4 

22 32 

44.8 72.1 6 .4 
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OF SUBSTlTUI'ES FOR HA.ZARllS IN ro~:RCJC.AL 
.AND mSIDENrI.AL BUILDINGS 

Special !eDon October, 1976 

report reviews the "t.e(:::rmIO..LIOqJLes that were 

replace:nent of PCBs as dielectric in traIIlSjEorn:el:'S and '-""" ................ • All 

of the potential substitute are nn.t:e 

flamnabili ty a oot:en"ticu. 

design and the e:t:rec:t changing insuranCE. unc:lerwrJ 's 

p:::>tential hazard resulting from 

................... equl.FIlI=nt .. 

sub-

't.Ut:es for 

'!he .t:ep:>rt ............ _..IL. 

engireered and ..-="",.,...=n 

1:" ........ , ....... ,_ ..... that occur may the 

tion introduction of 

that use 

to asStme properly 

of inadequate 

and 

.. 
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C-34 

January 8, 

relX:>l::t i:)1i. .. IIILI,IWL.I., ... .u;;;~'" a study made to update infoz:mation on nethods 

(other than adsorption) for reI'!'DVing or detoxifying industrial 

'1.~~:::1'"/!lIW::::l1-P,.... Infonnation was obtained from and Houston .Ee:~;earcl1 

on Conpany on catalyzed re-

duction, Canada on biodegradation. 

UV-ozonation, 'Westgate Re.search and HoUSton :Ilesearch 

run the le'Ve1 reduced a.1rrost to detec-

0~1 ppb. stated that can provide an 
operating costs for a 640 gp.m system at $1,750,000 and $120,800/yr., 

. The are not 

I<"'tV"IhlY'l at this • rrhe catalyzed reductive declorination pmcess being 

has tested on PCBs. A ppb concentration of 

the PCB l.S(:>l'l:J::r 4,4;, was reduced 1.0 

It 
a of 1000-15000 500-700 ppm of endrin 

one the 

this prclCeS3S 

'!he work l:eing .......... J,l ....... .v...; pro-

yy .. ..:;;:ya whim subsists ;;:;<J.I.C..I.y 

) 19 
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work 

IN NCN-coNTACr COOLING 
"rw.,~ AND 0lHER EFFLtJ:El,\lTS FROM c:APACI'IOR 

.AND TRANSFOR4ER PIDOUCI'ION FACILITIES 

Supplen:ent to Final Re};lOrt, Task 
19, 1977 

a tabulation analysis of the CUI:'rerlt 

non-contact (X)Oling wa1:er 

production whim use PCBs. 

Data on PCB and 

from PCB capacitor 

C-35 

at six • All but one of the 1976 le'V'9ls were below 10 ppb 

total , and fi'V'9 were at 2 ppb or 10\'Aler. '!hese..L.= 'P""-'--"'" are CXX1rpa:t:'ed to 

carbired plant rainfall .. The 

highest and rrost Q.I...L.QI.J,J~ PCB 

and least occun:ed. 

apl:::leBtrS to be a one to tw'O 

water in this industry 

occurred the 

ccoling water 

le'V'91 non-contact CCXJ1ing 

good 
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REFI'NEMENT 
COSTS FOR REDUCFION 

THE 
MANUFACrURING ......n.l.J..:o-.;;Jvr\J!.L".;J 

Supplenent to Final R::lport, 
D3cember , 1976 

c:tVCLl.J.,;::u.J.I.'= infornation on technology 

capacitor 

:tOl:Tle'r manufacturers \t\Iho use 1-'J. ...... ,..."U.l.\..;~. It includes: 

A description of mexli.fications being performeCl at 

two GEp1ants to reduce 

2) llDOLal:.t~a cost estimate tN-ozonation; 

estimate the use bentonite-lined equalization 

basins; 

4) 

of PCB 

to one I-'VlJUU 

• ifuis was 

2) 

3) 

4) 

1) 

2) 

: 

of the current ..u.A.l.u.;:;I 

8 9 

Fort EdiIla:xXi 

than 1 gram 

'Were scheduled for im)lenerlta or May, 1977. 

J..Il'q::X;:I\.:tndJmeIlt basins: 

at Fort J::nr.iaI:a 
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'!he of \,,;\.AI;::"!..'" and an basin ............ """' ..... on the 

use of a bentonite lining was calculated and conpared with 
had been 

that 

half that 

operating cost 

a concrete UQ.i:l'.I..' 

a concrete lined basin .. was 

......... ""- basin was apt)rO.Xl.IIB 

actual practice, 

the bentonite lined pond would be IIUCh ::::IT"r.,;::..... than a lined basin in 

order to reduce the frequency of pond dredging cleaning. 'lhus I costs 
two altemati ves be nore nearly 

's lV-c:)ZClnaitl.Ctn deve10pnent 

has produced sane system simplifications made it necessary to re-

estiltate the cost of rerroving PCBs in a tN-ozonation treatrr:ent plant. The new 

treatment costs ranged from $16.00/1000 gal. for a 20 plant $1.50/1000 

gal. for a l, 700 g};I1l plant.. 'IYPica1 costs rerroval acti vat:ed 

carlx::tn $4 .. 47/1000 gal.. 20 to $1.1811000 • for 

1,700 gpm • 

.An examination current industry towards abatenent and Q.1lE;rolsaJ. 

of PCBs revealed several .. calgon fumishing 

technology and with the technical conclusions and cost 

determined by versar.. are least three have no discharge 

process or non-contact CXX)ling to or PCmiVs .. 

tion of cooling to well hand or underway 

suppliers of incinerators for PCB-containing liquids 

could supply within 6 to 18 

an oreier 
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C-38 

upplement to Task II January 19, 1977 

the exJ;:)E!C'ted changeover 

substitute 

aPl;:>rt)ach taken was to contact indust.:ry representatives the various 

obsolete PCB-con~ 

oils. In addition, with other 

on similar been 

indicated that no would 

a PCB substitute. 

that produce 

and/or utilize their product cal::Jac~i. 

example) . re-

In 

NWMAR117170 



'lhis study 

ma.I~KJ.llCl and disposal 

FINAL 

NrIS FB 

the economic J.IIlIJac:t: the 

PCBs. 

of PCBs and equlplEllt a:mtaining , pl:"l~sem 

C-39 

the 

required availability PCBs, costs (in-

cluding storage), r:ecordkeeping, transrortation, cost the actual 

narking. !]he eoonomic analysis includes estimates of additional CDSts by 

year and economic sector, 

employnent.. Finally, 

.... '1;;;; ..... 1,.0:) on price, investrrent requireIYE!nts, and 

:r:ec::t:s of corrpliance on :requirem:mts and on 

are 

basic disposal requirement all PCBs is COIltrolJLed use and storage 

foll~d temperature O"U'CL ........ .IUi:;J a:re 
specific on what is be done and how be done. Consideration tf!...e 

present lack. incineration ....... ,"' ... .& .... and the high costs would be 

incurred by requiring rerroval and st:e~Cl.cU of C!rc~,..,"" light ballasts 

the ~,.&.'--

w..l'::ement:s of incineration: 

1) v ....... _ .... July 1, 1979, non-liquid PCB mixtures, PCB ..... QI~'-' ... I PCB 

light ballasts may disposed of 

landfills. 

2) PCB containers nay be 

3) may be of 

.. 
4) Small PCB equiprent not be 

l::efore disposal 

5) and used in 

6} 500 of 

not special handling or disposal. 
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M)st 5l:(:;>raLge areas. required :regulations 

and o:::mrercial buildings, 

the stclrac!e 

an annual opara 

C-40 

by 

................... industrial 

luc)resa:mt light ~,,,,,,,,,,,,, 

a srre.ll storage area 

It 

1-1"\<:.~ oosts nay be by using unused g'r\.::~rr::;;o. the area 

.......... AJJ.. demand. A 

$1,000-$5, 

to OPE:!rcrte 

J:egulations that chemical ".U'IC:I'I-~ landfills used for the 

diSFOsal of Aor:)n":I1~d by the that purpose. At 

U ., but none 

AVE3rclQe cost for in 

, including fJ:eight $3.00 

cubic 

capaci ty to ri""''''.,. .......... r 

are 7-14¢/lb. 

nay 

$5 

a 

In 

each drum. 

complying 

Option 1 asS'I..mES 

n~ cormercial the capacity to 

In addition, three ,..njl;~CJ:l facilities have the 

contained solid wastes. facilities 
".1=:1(:1'1-0 and 

shredding 52¢/lb. 

in c:errent kilns :tX)Wer boilers. 

..... "" .... - fran $1.14 to 

upon the drtlms and 

the total oost 

disposal 

2 assurres 

a charge $2.85 platform handling 

~.~A~l. recordkeeping $2 

will 

are 

in 

, HID 

the 
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equipnent but are ~:!ip()Se!C. as 

Option 3 allaN's 1/3 are 

chemical '\A1;:t<:: .... D lanc!.fills • 

while 

Associated with each. of these regulatory options are aqc;r.reqat:e, 

C-41 

wide costs for dea:mtamination, , landfill and incineration costs, 

tranSIX>rtation oosts, and r:ecordkeeping oosts. The maximum oost for 

deContamination askarel filled transforners is $365,000 J:=E!r year. The cost 

storing to dis};Osal estimated to $8.2 million the first 

year (including cost for up storage $4.2 million 

fills is e;,q:ected to be $5.5 million. estima:ted inciIlleration costs range 

$134 million Option 1 to $ 39 year for Option 

Estimated transpxtation for incinerating pCBs from $7.4 lU.L"~"""""" 

to $13.2 million per depending on hCM many are asst:nted 

the various disposal options .. costs $8 million 

initially plus $4.0 per 

In addition to eO'JIlOInic l.ITIIoac:tS 

:regulations, there be substantial incurred marking 

mgulations. Manufacturers will be faced with ma.jor , 00 the 

order ,000 with the proposed mgulations. 

ma.jority marking cost, will beme by the users 

PCB electrical eq:uiprent who need to nark existing equiflll!Ilt. total cost 

to be $33 .. 2 u ...... I..I...II. ...... u,. 

'!he aggregate effects which the proposed marking dispJsal r:egulations 

will on the electrical pricing, energy 

are slight. 1M price electrici ty will incmsse by an of 0.06% .. 

'!he l'.IpfEr bound estirrate for incr:eased energy consumption 17, 700 Bbl/day. 

Paclaxration be but 

atl:ee-tea would be of the total copper :reclain'ed 0't1l"" ...... 

in the U.S.. and is an insignificant portion the coJ:Jj:E~r consurred 
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C-4:2 

19 

This .... "" • ....,....".+ describes current uses of States 

at1:entic)n to uses 

At 

Joy Manufacturing, 

(,1""' .... 1"'\ ... '\0 ... 1977. even 

for use 

of a11c::wable malnU1::actu:rl 

nI"\1~n"',,... """oJ .... " ..... , .... <:;:: source of 

fran 
regulatory 

or 

GE 

source 

to 

and/or 

,.""-",,,..-,-,.">'""'1:7 as 

the 

1979. 

requiring 

"manufacturel! It'IEly 

It'IEly create sane 

and 

sole 

I in order 

a lor :2 

industry 
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while .......... .J_~ transforroors by "''''''·'11'''1F of 

_"".""' __ would alleviate 

PCB ........ !111'"'1C!f ...... ',..,.,,"', .... '" silicone based oil possible 

but on economic or en1\li.l70nmerlta~1 

would be $45,000-$50,000 each for 

spills makes this 

is retrofilled, sane the 

may be possible to rerrove nearly all the 

fi1 tering the new transfoncer fluid through 

are reduced to an acceptable level. 

users of PCB equipment be 

industrial, It aPltJeclrS 

uni ts, and risk 

Generally, when a transfoDIlSI." 

HC1Ilever , 

periodically 

'1n:11'-Ql"'t ""' .............. 'u until PCBs 

as cc:mne.rcial-

that PCBs 

(lOW' voltage capacitors) rI::.,"' .... "".,... J...J~1u.:::.C only small arrounts 

of PCBs Clre prl!!semt in one of 

these cal:aC::l utX'n failure. 

from OOI:m1E!rC::la,J..-.ll'l'lUS ................ users. Spills or .l.V;:'i:>'I:::;:' are kn<.:1Wn 

It !;;;!.L~:::a::j~ into the 

ment each year fran utili ty 1"' .... ~~,..cfOlt:mE!rS and "" .... j ................. 

may be ......... i;:>i:JO.I.J¥-!..l; enter as a COl1.tam:u: 

some dlE;mU:.ca.l process. has been in another chemical or as a 

reported as a leM-level contaminant sane cases t.11"1.:::.'I'"O 

biphenyl chlorinated.:R::Bs in the envirol1l'Iellt may beC:omiS rrore 

of a lQ.LoQ.I..'<..L if contaminated sewage sludge as a soil conditioner. 

Unless carefully worded, on 

enforcefl:'llant could 

of without 

damage. Another question to 

in a 

I does " 
in """""I"II'lU:lI"t"r'ji:l"? 
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ban 

proposed 

rel:OI:t included 

(1) 

OF 

8, 1978 

an of pro-

by in PrlePi!lrl 

in mportwas 

May, 

that did not appear 

the uses waste oil and 

-.......JJI...L"" .............. ""i and re-mfining industxy .. 

and T"I=T'I'\lIIr,rI E:t:!:E~ct:S of 

mic::roea:m.cmic analysis demand, 

.......... 1~U··t- an error in a 

draft 

II 
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1978 

560/6-77-035 
NTIS PB 281 881/lWP 

'lbe pUI:p::)Se this was 

pro:;::osed Ban Fegulations." regulations \\"ere pnepclre:d 

Toxic 

technical 

the bans on which were 

6 (e) of the Toxic Substanoos Cbntro1 Act - Public Law 

a l...II..lli ....... ,'-'!I..IIi:;.a.I. .... = 

protection .nu~""I.I..v 

complying 

on 

actions 

indirect 

.u~;;;~, ertl?lo}!II'l9I1t, 

in Section 

attributable 

clear 

of these reguirenents 

, and the avail-

eoonomic \\"ere 

inc:rerrental inpacts ~I.A~ an a base of 1976 practices 

as nodified by previously,...., ....... 'lll"m1 <..CJ.'~~L."""':> and marking 

and regulations. The costs of other PCB 

5~(EJ::ea during 

prc)OO~:;ed ban 

are not 

rrhe eXlD9(::te!Q transi tiona! 

._ ......... _ in tables. 
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SucceedinJ 

ICU 'l'riinsfollller-S; 

K:inufactul:el: clean up costs Uti) $ .1 0 

Ililn on 
14.3 3.4\ less 

per year 
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Spill Pr:eveuUon Plan 1 0 

Loccnr>tlva TransfonMn (ti) 

Rctroflll 1 0 

Processing Progl:~Q 0 2.1 (2 years» 
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Spill Prevention Plans 
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life 
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total econanic I""I'"\(~+-a 
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Preface 
This is the fourth annual report to the people of the Pacific Northwest on the status of our 
environment. The infprmation presented in this report has been compiled by the 
Environmental Protection Agency (EPA) in cooperation with the States of Alaska, Idaho, 
Oregon, and Washington. Valuable contributions have also been made by numerous 
individuals as well as other institutions. 

While the Northwest United States is viewed as being relatively environmentally "clean" in 
comparison with other parts of the Nation, there are many problems to be solved. Most 
importantly, however, the Northwest is growing--more industry attracts more people--and the 
results of that growth are not always environmentally beneficial. The people of the Northwest 
consequently face a challenge: accommodating increased growth while retaining one of our 
greatest resources, a healthful and beautiful environment. 

During May and June 1980, when Mount st. Helens erupted, this report was nearing 
completion. With the exception of the presentation on Mount St. Helens, environmental data 
used in the report consist of data collected in 1979 and do not reflect the impact of the 
volcanic eruption. 

Space precludes a complete discussion of the many complex technical and economic issues 
associated with environmental protection. Therefore, the interested reader is invited to contact 
the Region 10 Office of EPA in Seattle for other publications and additional information. Also, 
we encourage suggestions on how future issues of this publication can be made more useful. 

Donald P. Dubois 
Regional Administrator, Region 10 
U.S. Environmental Protection Agency 
Seattle, Washington 98101 

December, 1980 
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Contents/Summary 

1 Mount St. Helens 
The 1980 series of Mount St. Helens eruptions 

created troubling uncertainties for environmental 
and public health officials in the Pacific Northwest. 

The surge of mud, fallen timber and other debris, 
plus the heavy fa llout of volcanic ash into many 
areas of the region, raised questions about the 
quality of drinking water, the ability of sewage 

treatment plants to withstand the ash flushed into 
sewer systems, and the possible health effects on 

people from inhaling potentially dangerous 
quantities of volcanic dus\. Many fears about 

serious environmental consequences were quickly 
dispelled, but no immediate answers are avai lable 

for questions about long-term health effects. 

5 Solid Waste and Hazardous 
Substances 

Problems with traditional methods of solid waste 
disposal and the need to conserve natural resources 

and energy have prompted the use of new 
approaches in Region 10 solid waste management. 

In particular, commun ities are recycling more 
recoverable materials and considering energy 

recovery from municipal waste. 

Production, use, and disposal of hazardous 
substances is a major concern in Region 10. 

However, stringent regulatory programs, including 
new hazardous waste regulations, are being 

implemented to better manage these materials. 

9 

EPA requires monitoring of radioactive materials 
and pesticides, although the states have primary 

enforcement duties for controll ing these 
substances. 

Air Quality 
In 1979, most areas in Region 10 met air quality 

standards. Standards for total suspended 
particulates were exceeded in 16 areas as well as a 
number of others where fugitive dust is a problem. 

Sulfur dioxide standards are being exceeded in 
three areas of Idaho and one area of Washington . 

Carbon monoxide levels in al/ four states are 
expected to be controlled by various transportation 

management strategies. Ozone standards were 
exceeded in both the Portland and Seattle areas. To 
attain standards, controls on point sources and area 

sources either have been implemented or are planned. 

18 River Water 
Portions of many of the Region 's major rivers have 
marginal water quality with respect to the Federal 

water quality goals, and the overall 7-year trend has 
shown little improvement. Much of the existing 

degradation is due to a variety of non-point sources 
which should eventually be controlled by area-wide 

wastewater management programs. Some is 
contributed by point sources, such as industries, 

which are controlled through state and Federal 
pollution permits. Natural occurrences are also 

responsible for some of the problems. The water ~ 
quality criteria most often exceeded are those for 

temperature. bacteria, nutrient levels, turbidity, 
solids, and heavy metals. 

Lakes 33 
Many of the Region 's major recreational lakes have 
water quality and other problems which impair their 
recreational use- principally algae and aquatic 
weed growths and excessive sedimentation. Primary 
sources of these problems are stormwater runoff 
from urban and agricultural lands, sewage and 
septic discharges from residential areas and 
recreational facilities, and irrigation return flows. A 
variety of measures have been taken to restore the 
water quality in some of the lakes. 

Marine Water 40 
About one-third of the Region's classified 
commercial shellfish growing areas are closed 
during at least part of the year. These closures are 
primarily due to fecal bacteria contamination 
caused by inadequate sewage treatment. Others 
may be due to seasonal runoff from agricu ltural and 
forestry activities, and industrial point sources, such 
as pulp mills. Naturally occurring outbreaks of "red 
tide" also necessitate the closure of some areas on 
a seasonal basis. 

Drinking Water 44 
Drinking water in the Northwest and Alaska is 
generally considered to be safe, but five waterborne 
disease outbreaks have occurred within the past 
year, and others are suspected but unconfirmed. 
Water system compliance with the bacteriological 
standards has remained fairly constant from Fiscal 
Year 78 to Fiscal Year 79; however, improvements 
have been made in achieving compliance with the 
bacteriological monitoring requirements. 
Improvements in compliance with both 
bacteriological monitoring and standards are 
expected to occur in Fiscal Year 80. 

Noise 46 
The Federal Noise Control Act of 1972 gives EPA 
authority to set standards for cars, trucks, interstate 
railroads, aircraft , etc. However, the primary 
responsibility for noise control rests with state and 
local governments. With technical assistance from 
EPA as required, each community develops the 
programs that meet their unique requirements. 

NWMAR117187 



Summary of . 
Environmental Indicators 

OREGON WASHINGTON IDAHO A~ASKA 

CURRENT CURRENT CURRENT CURRENT 
MEDIA INDICATOR STATUS TREND STATUS TREND STATUS TREND STATUS TREND 

Air Quality Number of areas 6 Little 8 Little 5 Little 2 Little 

exceeding standards change change change change 

River Water Percentage of monitoring 30% Little 50% Little 30% Slight 10% Insufficent 

Quality stations meeting water change change decrease data 

quality goals (based on 
worst 3 months) 

Lake Water Percentage of major 58% Little 50% Little 57% Little 87% Little 

Quality recreational lakes with change change change change 

little or no use impairment 

Marine Water Percentage of classified 50% Little 68% Little 100% 

Quality shellfish harvesting change change 

waters opet) 

Drinking Percentage of population 72% Improving 69% Improving 64% Improving 43% Improving 

Water Quality served by water supplies 
in compliance with 
regulations for bacterial 
contamination 

Percentage of community 58% Improving 17% Improving 63% Improving 18% Improving 

water supplies in 
compliance with 
regulations for bacterial 
contamination 

Noise Percentage of population 50% Improving 50% Improving 5% Little 35% Improving 

covered by enforcement change 

of state/local noise 
regulations 

Solid Waste Number of recycling 300+ Improving 300+ Improving 20 Improving 2 Improving 

Disposal centers in operation 

Number of hazardous 3 Improving 4 Improving 2 Little 0 

waste handling facilities change 

in operation 

ii 
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Mount St. Helens 

The eruption of Mount St. Helens occurred 
last spring just as this report neared 
completion. Consequently, the fallout from 
the volcano sudden ly threw into question 
many of EPA's conclusions regarding the 
condition of the environment in the Pacific 
Northwest. 

Data EPA had collected on levels of turbidity 
and solids in the surface waters of 
southwestern Washington were made 
obsolete by the movement of tons of mud, 
fallen timber, and other debris into rivers and 
lakes in the immediate vicinity of Mount St. 
Helens (see Figure 1). Over a wider area, the 
turbidity created in dozens of drinking water 
supplies in Washington, Idaho, and Oregon 
cast doubt on EPA's assessments of the 
drinking water quality in those systems most 
affected by mudflows and ash fallout. For a 
few days, it was uncertain whether the 
turbidity would interfere with the disinfection 
needed to assure safe drinking water. 

Emissions of ash and various gases produced 
what will undoubtedly be long-standing 
problems related to attainment of national 
ambient air quality standards for particulate 
matter throughout the Region. In addition , 
serious questions were raised about the 
volcano's contributing significantly to acid 
rain formation well beyond the borders of the 
Pacific Northwest. 

The potential for far-reaching effects became 
apparent by early July when an English 
scientist claimed that ash from Mount St. 

Helens was responsible for the unseasonably 
cold summer temperatures in Great Britain 
and for the rains that drenched the 
Wimbledon tennis tournament. 

The concerns of the English scientist seem 
frivolous when compared with those of people 
living in Washington, Idaho, and Oregon in 
the aftermath of Mount St. Helens' May, June, 
and July eruptions. For people who had to dig 
their way out of mudflows or heavy ash 
fallout, it was a matter of personal health, and 
some very important questions arose. Was it 
safe to handle the ash? Was their water fit to 
drink? Was the air safe to breathe? 

These were the three chief questions facing 
EPA and state environmental and health 
agencies in the wake of the volcano's 
eruptions- in particular the one of May 18. 
Within hours of this explosion that blasted 
more than 1,000 feet off the top of the 
mountain, EPA sent a specially equipped 
aircraft over areas of central Washington 
downwind from the volcano to measure 
radioactivity. No radioactivity above normal 
background levels was discovered in the 

Figure 1. 
Stream Areas Affected by 
Mt. St. Helens Mudflows 

PacifiC 

Ocean 

AFFECTED BY MUD FLOWS 

aerial measurements, which was confirmed 
through analyses of ground ash samples 
taken the same day. 

It was also promptly determined that the ash 
was highly conductive. Upon contact with 
mOisture, deposits of ash on transformers and 
other electrical equipment could cause power 
outages. Utility operators took the precaution 
of using emergency crews to blow ash from 
substation transformers before rainfall could 
produce interruptions in electrical service. 

Rumors that ground-level ash fallout was 
highly acidic were rapidly dispelled. U-2 
flights discovered high acid content of 
particles in the atmosphere, but fears that the 
ash might etch painted surfaces of cars or, 
worse yet, produce acids under face masks 
being used for protection, were alleviated 
when tests of ground ash showed almost no 
acidity. Also, there were no toxic properties in 
the ash. This was established by EPA 
personnel who, in the scramble to obtain all 
avai lable information about ash 
characteristics, acted as a clearinghouse for 
analyses quickly performed by state, Federal , 
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and private laboratories' throughout the 
Northwest. The ash did1consist of minute 
fractions of cobalt and other inert heavy 
metals, but in quantities so small that by 
May 21 EPA was able to determine that they 
presented no danger to people inhaling 
airborne ash or drinking water containing ash 
particles. 

Of greater concern was the threat to drinking 
water posed by the high levels of turbidity in 
suriace streams and reservoirs receiving 
heavy deposits of ash or mud (see Figure 2) . 
(In the first few days after the May 18 
eruption, some drinking water supplies in 
southwestern Washington had so much mud 
they were facetiously described as "too wet to 
plow and too thick to run.") Fortunately, in 
those cases where mud clogged drinking 
water intakes, system operators were able to 
draw water from alternate sources; operators 
at other systems with high turbidity levels 
adjusted the amount of chemicals used in 
flocculation and, by keeping a close watch on 
filtration equipment, managed to provide 
water that was safe to drink. 

Many systems came dangerously close to 
running out of water because of the heavy use 
of domestic supplies to flush away the 
accumulations of ash that paralyzed their 
communities. Several systems rationed water 
usage, but no community anywhere in the 
Northwest ever completely ran out. 

The accumulations of ash that were sluiced 
into storm drains and sanitary sewers created 
problems for the operators of municipal 
sewage treatment plants. At one point in 
Spokane, a city hit hard by the May 18 falloul, 
it was reported that no less than 30 percent of 
the influent entering the city's sewer system 
consisted of solids. Mechanical equipment 
was threatened by the load, making it 
necessary to temporarily bypass treatment 
facilities. Spokane, like other cities, reduced 
treatment levels from secondary to primary to 
avoid expensive damage to their equipment. 
Managers of local sewerage authorities 
correctly preferred to tolerate increased 
discharges of oxygen-demanding materials 
from their outfall lines for a few days rather 
than risk permanent damage to their systems 
that might leave downstream waterways 
without any treatment at all for what could 
have been months to come. 

2 

Water quality standards were undoubtedly 
violated in a few areas of the Pacific 
Northwest, but EPA and state and local health 
officials were more worried about the effects 
of violations of national ambient air quality 
standards for total suspended particulates 
(TSP) . 

Local air pollution control agencies 
throughout the Pacific Northwest recorded 
TSP levels far in excess of the standard set to 
protect human health. Figure 2 shows the 
dispersion pattern from the May 18 eruption 
and Figure 3 shows the highest 24-hour 
concentrations of particulates observed after 
the Mount St. Helens eruptions of last May 
and June. Monitors in Yakima, for example, 
recorded levels of particulates reaching 30,000 
micrograms per cubic meter of air. 
Historically, the Pacific Northwest has rarely 
experienced air pollution episodes in which 
TSP levels even remotely approached the 
1000-microgram level, and Figure 3 shows the 
normal average 24-hour levels of TSP during 
1979. 

Figure 2. 
Ash Oeposits Following 
Mt. St. Helens Eruption 

Portland 

The standard set by EPA to protect human 
health is 260 micrograms per cubic meter of 
air over a 24-hour period. When that standard 
is exceeded and weather forecasts indicate 
conditions are likely to get worse, air pollution 
control agencies begin to consider preventive 
actions to protect public health. If TSP levels 
reach 375 micrograms for a 24-hour period, 
air pollution control agencies issue alerts to 
advise susceptible people about dangers to 
their health. At 625 micrograms of TSP, 
warnings are issued that advise stronger 
precautions. At 900 micrograms, the 
"emergency" stage is reached and local 
governments are empowered to impose 
restrictions on personal and commercial 
activities that would send TSP concentrations 
above 1000 micrograms, at which level there 
is significant harm to human health. 

At this writing, it is still too early to tell just 
how long people living in heavy fallout areas 
can expect exposure to TSP concentrations 
dramatically above levels that prevailed before 
the eruption. Even though local efforts to 

ASHFALL DISTRIBUTION, generalized 
isopachs of thickness (ash depth 

on surface) 

M '" ERUPTED IN 1800's 

10 mm = 1/2 in. 

25 mm = 1 in. 
50 mm :' 2 in. 

• ACTIVE CASCADE VOLCANOES 
L 

100 mm = 4 in . 
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remove ground ash in many communities 
bordered on the heroic, enough ash 
remained for several weeks after the initial 
cleanup to send TSP concentrations soaring 
above 1000 micrograms. As one example, 
Spokane- despite a successful cleanup of the 
ash from the May 18 fallout- experienced 
winds on June 1 (a full 2 weeks later) that 
caused monitoring equipment to record TSP 
in concentrations of more than 2300 
micrograms during one 8-hour period. 

So much volcanic dust lay on the ground in 
many fallout areas that it was subject to 
redistribution every time a stiff wind came up. 

Figure 3. 
Total Suspended Particulate levels 
Since the Eruption 

This worried public health officials who were 
trying to accurately assess the risk to public 
health. Their job was made difficult by their 
inability to predict how long people could 
expect to encounter heavy, prolonged 
exposure to ash already on the ground. In 
addition, they had no way to measure 
exposure from the volcano's unpredictable 
future eruptions. 

Early reports from the Center for Disease 
Control (CDC), based on information 
collected by epidemiologists about hospital 
emergency room visits and hospital 
admissions in fallout areas, were not 
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conclusive about the seriousness of short
term health effects. While the preliminary 
results of CDC's investigations suggested 
significant increases in hospital admissions 
for a variety of respiratory ailments, CDC had 
not- as this article was being prepared
performed the follow-up studies that would 
precisely determine the short- or long-term 
risks to human health. 

• • 
MAXIMUM 24-HOUR AMBIENT TOTAL SUSPENDED 
PARTICULATE LEVELS SINCE THE ERUPTION 

NORMAL AVERAGE 1979, 24-HOUR AMBIENT TOTAL 
SUSPENDED PARTICULATE LEVELS 

AMBIENT AIR ~UALITY LEVELS REOUIRING ACTION 
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Of special concern to CDC was the potential 
for people in fallout areas to develop silicosis, 
an emphysema-like illness produced by heavy 
exposure to crystalline silica, a known 
component of volcanic ash. Occupational 
standards designed to protect workers from 
crystalline silica exist for the workplace, but 
none have been devised for ambient air. 
Direct correlations have been established 
between the development of silicosis and the 
exposure of workers engaged for several 
years in hazardous occupations, but no such 
correlation exists for exposure of the general 
population . CDC, in trying to establish that 
relationship (if, in fact, any such relationship 
exists) was relying on ambient monitoring 
data furnished by sampling stations operated 
by state environmental agencies and local air 
pollution authorities in cooperation with EPA. 

The state and local agencies had long 
maintained monitoring stations to collect 
information about total suspended 
particulates and other air pollutants. With the 
eruptions of Mount St. Helens, added 
monitoring capability was needed to measure 
ambient levels of TSP. State and local 
agencies promptly responded to the 
challenge. New sampling sites were set up, 
new equipment was deployed, and the 
frequency of monitoring was increased in 
Washington, Oregon, and Idaho. The 
monitoring stations used to collect the TSP 
data are shown in Figure 4. 

At as many sites as possible, equipment was 
installed that enabled state and local agencies 
to make two kinds of measurements. Not only 
would "Hi Vol" samplers be used to measure 
TSP, but other equipment ("Dichot" 
(Dichotomous) and "IP" (Inhalable 
Particulates)] was added to measure that 
fraction of total particulates so small as to be 
inhalable. Relatively coarse particules (i .e. , 
larger than 15 microns) cannot be inhaled; 
they usually are trapped in the nose or throat 
and can easily be expelled. Particles smaller 
than 15 microns, on the other hand, can be 
inhaled. And those smaller than 2-1 /2 microns 
are considered respirable, so tiny they can be 
drawn deep into the lungs. Respirable 
particles tend to remain lodged in the lungs 
for long periods of time and possibly can alter 
the body's physiological defense systems. 
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Data from the monitoring network is 
immediately relayed, as soon as available, to 
epidemiologists at CDC. This monitoring data 
will be used by CDC to make correlations 
between ambient exposures and data 
collected by CDC's own in-depth 
investigations of persons exposed to 
potentially dangerous levels of volcanic ash . 

Other monitoring data being collected will 
help gauge whether emissions from Mount St. 
Helens will contribute significantly to the 
formation of acid rain, which is a product of 
sulfur and nitrogen oxides reacting with water 
vapor in the upper atmosphere to cause 
drops of sulfuric acid and nitric acid to return 
to earth. Although it is well-established that 
sulfur oxides can be carried by prevailing 
winds for hundreds of miles, not much is 
known about the exact process by which acid 

Figure 4. 
Region 10 Volcano Particulate Network 
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rain is formed or precisely how it is 
transported in the atmosphere. Mount St. 
Helens' emission of hundreds to thousands of 
tons of sulfur dioxide per day was cause for 
concern by EPA researchers who had already 
been trying to determine the environmental 
effects of acid rain . 

While there are still many unanswered 
questions about the long-term effects of the 
Mount St. Helens eruptions on people and the 
environment, one fact has clearly been 
affirmed: man and his environment can all too 
easily become the victims of changes that 
upset the fragile balance of our global 
ecology. Mankind is vulnerable to 
innumerable environmental stresses, some of 
which are the result of natural, uncontrollable 
events. 
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Solid Waste and Hazardous Substances 

In general, Region 10 has escaped the 
environmental problems found in other parts 
of the U.S. No major scale problems from 
improper disposal of hazardous substances 
have been discovered as yet. The problems 
that have surfaced are being dealt with and 
remedies are being developed. Open burning 
of wastes has been virtually eliminated from 
Region 10, but many environmental problems 
related to improper disposal of municipal 
waste remain, with water pollution being a 
major concern . Scarcity of land for solid 
waste disposal, concern about limited 
resources, and serious health hazards arising 
from improper disposal of hazardous wastes 
prompted Congress to pass the Resource 
Conservation and Recovery Act (RCRA) in 
1976. In addition, other forms of hazardous 
substances are regulated by EPA under 
authorities of TSCA (Toxic Substances 
Control Act) and FIFRA (Federal Insecticide, 
Fungicide, and Rodenticide Act) . In this 
increasingly complex area, Region 10 feels 
they are moving in a positive direction toward 
protecting human health. The following 
section summarizes the solid waste and 
hazardous substances problems addressed in 
the Pacific Northwest, as well as hazards dealt 
with by other means. 

Solid Waste Disposal 
The Resource Conservation and Recovery Act 
requires that Federal criteria be established 
for evaluating land disposal operations 
nationwide. In the past, municipal landfills 
cou ld often be described as open dumps. 
These criteria have now been developed and 
the states in Region 10 have started an 
inventory to classify disposal sites. Those sites 
failing the criteria will be deSignated as open 
dumps and placed on a state-established 
compliance schedule for upgrading or 
closure. 

Rainwater draining over the surface of a fiff , 
and filtering into the ground through the 
wastes, can dissolve (leach) such undesirable 
substances as chemicals and bacteria into 
streams and groundwater. Because of the 
higher rainfall and greater population west of 
the Cascade Mountains, leachate problems 
there have been more numerous and serious 
than in more arid parts of Region 10. Landfills 
such as those constructed in Lane County, 
Oregon and Snohomish County, Washington 
have been engineered for leachate collection 
and treatment. Older landfills which had 
serious leachate problems, such as the Cedar 
Hills landfill in King County, Washington, have 
installed collection systems that pump 
leachate into the sewage treatment system. 
Other landfills may have to close altogether if 
they cannot be effectively upgraded. 

There are other problems related to waste 
disposal. For example, when garbage 
decomposes, methane gas is produced as a 
by-product. Methane is toxic to vegetation 
and is explosive in certain concentrations. 
Decomposition can also produce odors. 
Household wastes, in particular, may attract 
disease-carrying roden ts and insects. Proper 
disposal with daily cover and proper 
compaction will reduce many of these 
problems. Sewage sludge disposal is an 
increasing problem as water pollution 
regulations become more strict and landfill 
space becomes scarce. Alternatives, such as 
incineration and the use of sludge on farm 
and forest lands, are being tried. In addition, 
certain areas have special disposal problems, 
such as in Alaska where severe cold makes 
disposal difficult. 

Resource Recovery 
RCRA provides financial assistance to state 
solid waste management authorities to 
develop and implement comprehensive solid 
waste plans, including environmentally sound 
disposal methods and recovery and 
conservation programs. In addition, the 
President's Urban Grant program has 
provided funding to Seattle and Portland for 
development of recycling and energy recovery 
systems. Some municipal wastes, such as 
glass, metal , and newspaper, can be recycled , 
and much of the rest can be converted to 
"refuse-derived fuel " (RDF) or burned to 
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Figure 5. 
Location of Hazardous Waste and 
Resource Recovery Facilities in Region 10 
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create steam or electricity. Lane County. 
Oregon and Tacoma. Washington are testing 
RDF plants. Portland and Roseburg. Oregon 
and Cowlitz County. Snohomish County. and 
King County. Washington and Boise. Idaho 
are also studying the feasibility of convert ing 
waste to energy (Figure 5). The economics of 
recycled materials are typically very good in 
the Portland and Puget Sound areas, but 
recycling programs in Idaho and Alaska suffer 
from higher transportation costs and smaller 
volumes. 

Other wastes with a potential for recovery 
include tires. lubricating oil. and wood waste, 
which simultaneously present serious disposal 
problems. Discarded tires gradually work to 
the surface in a landfill. where they trap water. 
become a breeding place for mosquitoes. and 
pose a fire hazard. Recently. however, 
shredded tires were used as a fuel in boilers at 
the Georgia-Pacific plywood mill in Toledo. 
Oregon. Waste lubricating oil is used on roads 
as a dust suppressant, but can contaminate 
air and water, plus lead in the oil makes 
indiscriminate burning or disposal 
undesirable. Oregon has passed a Used Oil 
Collection Act that provides for designated 
collection centers. which will encourage re
refining of waste oil. Wood waste, which can 
pollute water resources and consume 
significant space in landfills, is presently being 
used to produce steam in several Northwest 
timber mills and utilities. and may also be 
used in combination with refuse-derived fuel. 
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Hazardous Substances 
The Resource Conservation and Recovery Act 
mandates government control of hazardous 
waste from its generation to ultimate disposal, 
including a manifest tracking system for 
transporting and a permit system for 
treatment, storage, and disposal facilities. In 
May of 1980 regulations were promulgated 
which will implement the Act. Compared to 
other parts of the country, there are fewer 
industrial sources of hazardous waste in 
Region 10. Most of it is created by 
manufacturers of chemicals, pesticides, and 
metals, petroleum refineries, and 
electroplating operations. These sources are 
concentrated around Puget Sound and in the 
Willamette Valley. 

For RCRA to be effective, acceptable 
hazardous waste disposal sites must be made 
available. Presently, there are two state
licensed chemical landfills in Region 10- one 
at Arlington , Oregon , and the other at Grand 
View, Idaho, and a third has been proposed 
on the U.S. Department of Energy's Hanford 
Reservation in Washington . The availability of 
such landfills, coupled with the active 
involvement of Region 10 states in hazardous 
waste management, has helped prevent 
serious incidents involving hazardous wastes 
in the Region . Nevertheless, th~re has been 
opposition to using these landfills to dispose 
of wastes from out-of-state. In addition, RCRA 
does not address the problem of abandoned 
facilities which have posed serious health 
hazards elsewhere in the country. A national 

trust fund for cleanup of abandoned sites has Uncontrolled Hazardous Waste 
been proposed, and an inventory of such sites Sites 
is being conducted . Unsafe hazardous waste disposal practices 

Besides landfills, several other approaches to 
hazardous waste management in the 
Northwest have been taken . Waste exchanges 
in Portland and Seattle assist parties 
throughout the Northwest wishing to dispose 
of a hazardous by-product in locating a 
second party that can use or recycle the 
material, thereby eliminating a need for 
disposal. The second party may be a chemical 
processor that uses the waste as fee~stock for 
another product. Regulations determine how 
some substances are used; for instance, 
labeling and disposal procedures have been 
established for the more than 800 facilities in 
Region 10 using or storing polychlorinated 
biphenyl (PCB), a toxic substance used in 
electrical transformers and capacitors. Some 
efforts have a/so been made to rectify past 
uses of hazardous substances. Each state in 
Region 10 will participate in a voluntary 
national program to reduce the exposure of 
school children to asbestos fiber found in 
some school buildings. In addition to long
term management plans, emergency response 
plans have been developed . Units within 
several fire departments, including Seattle and 
Tukwila, Washington , have been trained to 
deal with incidents involving hazardous 
materials. 

Figure 6. 
Hazardous Waste Disposal 

become uncontrolled hazardous waste sites, 
and release of chemicals from these sites can 
threaten public health or environmental 
values. (The Love Canal Chemical Dump in 
New York is a prime example. A school and 
scores of homes were built close to the dump 
and, beginning in 1978, a number of startling 
disclosures about birth defects and serious 
illness were attributed to the buried 
chemicals.) 

Past hazardOUS waste disposal practices in 
the Northwest have been surveyed, and 
Figure 6 presents the results. Northwest states 
generate only 1 percent of the hazardous 
waste nationall y, and since 1940, all but 
approximately 5 percent of these wastes have 
been accounted for. Over 250 hazardous 
waste generators and disposal sites have been 
investigated, and no major problems on the 
scale of Love Canal have been discovered. 

These findings are attributed to the following : 
hazardous waste generation is minimal; 
population densities in the Northwest are low; 
industry is young compared to other areas of 
the country; and adequate (according to state 
requirements) hazardous waste disposal sites 
have been available for several years . 
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Radiation 
As Figure 7 shows, every person is exposed to 
radiation from naturally occurring, 
inescapable sources such as cosmic rays and 
soil. Normally, less than half a person 's 
radiation exposure is man-made. The data in 
Figure 7 are based on national statistics, but 
are representative for Region 10 as well. 

Because the genetic and cancer-causing 
effects of radiation are thought to be additive 
or cumulative, the radiation dose to 
individuals must be kept to the lowest 
practicable level. EPA limits the radiation dose 
to individuals and to the total population by 
monitoring radiation and by setting and 
enforcing regulations on radioactivity in the 
air, drinking water, surface water, and waste 
materials, and from nuclear power plants. 

Pesticides 
Pesticides are substances used to prevent, 
destroy, repel , or mitigate any pest, such as 
insects, rodents, weeds, and fungi, as well as 
substances used as plimt regulators and 
defoliants. Improperly used, they can harm 
other organisms besides their target, causing 
illness or death. The regulation of pesticides 
poses some complex policy and technical 
issues. Conventional chemical pesticides, by 
their very nature, are hazardous: but they are 
widely viewed as necessary to maintain 
agricultural productivity. In addition, the 
hazards of pesticides, especially the long-term 
effects, are difficult to assess. 

The law giving EPA authority to regulate 
pesticides is the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA). It 
requires that all pesticide producers and all 
pesticides to be sold in the U.S. (including 
imported products) be registered with EPA. 
The pesticide producers must provide 
scientific studies to support the registered use 
patterns, and must provide proper container 
labeling for their products. In addition, they 
must maintain detailed records of their 
production and distribution. 

The EPA and 'state agencies work together to 
regulate the manufacture and use of 
pesticides. As of this year, EPA has 
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established funded cooperative enforcement 
agreements with the Idaho, Oregon, and 
Washington State Departments of Agriculture, 
and a non-funded cooperative enforcement 
agreement with the Alaska Department of 
Environmental Conservation: This means that 
primary enforcement responsib ilities covering 
pesticide use rests with the states, but EPA 
can take further action if warranted. 

The major thrust of the FIFRA program is 
directed toward pesticide users. Since 1976, 
EPA has worked with the states in developing 
training and certification programs. 
Applicators of restricted use pesticides 

Figure 7. 
Average Amount of Exposure to Radiation 
Per Person Per Year 
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(pesticides with greater potential for causing 
adverse effects) must be certified to ensure 
that they are competent in the use of those 
pesticides, EPA and the states combine efforts 
to see that pesticides are being used 
according to label directions. 

After pesticides are used, the Food and Drug 
Administration is responsible for verifying that 
pesticide residues on raw agricultural 
commodities are within required limits. 

Environmental monitoring for pesticides is 
conducted by certain state health 
departments through EPA grants. Region 10 
has two epidemiological study groups, one in 
Wenatchee, Washington and the other in 
Boise, Idaho. 

Pesticide registration and resulting use can be 
discontinued at any time EPA determines that 
unreasonable adverse effects on the 
environment outweigh the benefit from 
continued use of the pesticide. If further 
restricting use of the pesticide cannot correct 
the problems, ultimately the product can be 
cancelled or suspended. For example, EPA 
took emergency action to suspend products 
containing 2,4,5-T and Silvex. Cancellation 
hearings are in progress and a final 
determination will be made regarding the 
future of these pesticides. 
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Air Quality 

Air quality in the Northwest is relatively 
clean as most areas of the Region comply 
with the National Ambient Air Quality 
Standards. However, air quality problems 
do exist in the more densely populated areas 
of the four states; but pollution abatement 
controls on point and area sources should 
alleviate these problems in the future. 
Implementation of these controls continues 
to be a cooperative effort among Federal, 
state, and local environmental agencies, 
industry, and a concerned, informed public. 
However, much remains to be done, and this 
section gives some insight into the types of 
air quality problems faced by the citizens of 
Region 10. 

Air Quality Standards -
History and Definition 
The Clean Air Act of 1970 directed EPA to 
establish National Ambient Air Quality 
Standards ("ambient" refers to outside or 
environmental conditions, rather than indoor 
quality) , and in 1977, amendments to the Act 
required that all standards be met as soon as 
possible and practical. In the case of primary 
(health-related) standards, the new deadline 
is Decem ber 31 , 1982. Under certai n 
conditions an extension to December 31 , 
1987 can be granted for carbon monoxide 
and ozone. 

The more highly concentrated a pollutant, 
the worse its effect on humans and their 

environment. Because some pollutants have 
both chronic and acute effects on health, 
standards are based on their average 
concentration over various lengths of time 
with a margin of safety included. Pollutants 
that exceed secondary standards have 
detrimental impacts on the public welfare 
and result in deterioration of many 
consumer products. Exceeding primary 
standards poses a threat to public health . If 
the pollutant concentration reaches the alert 

Table 1. 
Effects of Major Air Pollutants on 
Health and Property 

level, individuals, industry, and government 
should take immediate action to protect 
human health by curta iling outdoor 
activities, use of automobi les, and certain 
industrial operations. 

Federal standards have been set for six 
major pollutants. Table 1 lists the effects on 
health and property that are the normal 
result of exceeding those standards. 

POLLUTAt-lT ~A_LT_H_EF_FE_C_TS __________ PRO~RTY EFFECT~ 

Total 
Suspended 
Particulates 

Correlated with increased 
bronchial and respiratory disease, 
especially in young and elderly. 

Corrodes metals and concrete; 
discolors surfaces; soils exposed 
materials; decreases visibility. 

Sulfur Dioxide Upper respiratory irritation at low 
concentrations; more difficult 
breathing at moderate 
concentrations (3000 ug/m3), 
correlated with increased cardio
respiratory disease; acute lung 
damage at high concentrations. 

Corrodes and deteriorates steel, 
marble, copper, nickel, aluminum, 
and building materials; causes 
brittleness in paper and loss of 
strength in leather; deteriorates 
natural and synthetic fibers; "burns" 
sensitive crops. 

Carbon Monoxide 

Ozone 

Nitrogen Dioxide 

Lead 

Physiological stress in heart 
patients; impairment of psycho
motor functions; dizziness and 
headaches at lower concentra
tions; death when exposed to 
1000 ppm for several hours. 

Irritates eyes, nose, throat; 
deactivates respiratory defense 
mechanisms; damages lungs. 

Combines with hydrocarbons in the 
presence of sunlight to form photo
chemical smog; irritates eyes, nose, 
throat; damages lungs. 

Primary concern with young 
children. Most pronounced effects 
on nervous system (damage may 
occur at low levels). kidney 
system, and blood forming system 
(high levels may have severe and 
sometimes fatal consequences 
such as brain disease, palsy, and 
anemia) . Blood levels > 30mgl 
deciliter are associated with an 
impairment in cell function . 

Corrodes limestone and concrete 
structu res. 

Deteriorates rubber and fabrics; 
corrodes metals; damages 
vegetation . 

Corrodes metal surfaces; 
deteriorates rubber, fabrics, and 
dyes. 

Injures plants through absorption 
of soil. Affects nervous system of 
grazing animals. 
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How Air Quality is Measured 
Air quality data are collected at monitoring 
stations located throughout each of the four 
states, primarily in concentrated population 
or industrial centers- the most likely 
sources of air pollution. Monitoring sites are 
designated in this report as 
commercial / industrial , residential , or rural. 
However, air pollution can originate away 
from the monitoring site. High pollutant 
levels in a residential area, for example, do 
not necessarily indicate the source is located 
in that area. Not all pollutants are monitored 
continuously at all stations, and monitors are 
not located in all counties, primarily because 
of the high cost of installation and operation, 
but monitors are located in large 
metropolitan areas. EPA has estimated the 
percentage of days during which 
concentrations of the various pollutants 
exceeded the standards throughout Region 
10 during 1979. 

Geographical areas witthin Region 10 where 
source emissions, in combination with 
influencing weather conditions, cause air 
quality standards to be exceeded have been 
designated as non-attainment. Currently, 22 
areas in Region 10 fall in this category. All 
other areas are classified as attainment. The 
original determination of non-attainment 
was based on data for 1975 through 1977; 
therefore, areas that are presently classified 
as attainment may have exceeded the 
standards during calendar year 1979 and are 
illustrated in this report. 

The Regional Air Quality Outlook 
Region 10 has relatively few heavily 
pOPIJlated urban centers; in the four states 
there are only 6.5 million residents. While air 
pollution is not confined to urban areas, it is 
most severe where human activity, especially 
vehicular activity, is heavily concentrated. 
Some violations of National Ambient Air 
Quality Standards occur in every state of 
Region 10. 

During 1979, four of the major pollutants 
exceeded standards in Washington, while 
three standards were exceeded in both 
Idaho and Oregon. Only carbon monoxide 
standards were exceeded in Alaska. 
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Total Suspended Particulates 
Suspended particulates are solid or liquid 
particles of different sizes having health 
effects that vary with particle size and 
composition . Particulates can aggravate 
asthma and chronic lung diseases; they 
increase coughing and chest discomfort. 
Some particulates can be toxic or cancer
causing (lead or asbestos particles, for 
example). Particulate pollution may interfere 
with visibility, injure vegetation, and 
increase cleaning and maintenance costs in 
numerous sectors of the economy. 

Suspended particulate matter is a 
widespread problem throughout the 
Northwest. Some particulate emissions 
come from so-called point sources, which 
are easily identified stationary industrial 
sources of emissions, such as smokestacks. 
The rest, which cannot be pinpOinted to a 
specific source, are termed area sources, 
such as space heating (resident and 
commercial heating units) and fugitive dust. 
Fugitive dust can be created by certain 
industrial and agricultural operations, and by 
vehicles on paved as well as unpaved roads. 
In areas with little major industrial 
development and low population density, 
fugitive dust is composed mostly of natural 
soil particles and is believed to be less 
harmful to the health . For this reason, many 
areas are considered to be attaining air 
quality standards even though particulate 
standards are exceeded. 

Also included under area sources are motor 
vehicle tailpipe emissions which we have 
classified separately as mobile sources (see 
Figure 16, page 17). Figure 8 shows the three 
states that exceeded suspended particulate 
standards; i.e., at least one monitoring site in 
the county exceeded one or more of the 
standards for total suspended particulates 
(TSP) in 1979. Aside from areas where rural 
fugitive dust accounts for exceeding TSP 
standards, most violations are focused in 16 
areas. Data from these areas are charted on 
Figure 9, showing the percentage of samples 
that exceeded standards based upon 
number of days monitored. (Note that 
particulate samples are routinely collected 
once every 6 days.) 

In Idaho, the Pocatello and Conda-Soda 
Springs areas' major point sources of total 
suspended particulates are fertilizer and 
industrial chemical processors. In the latter 
area, fugitive dust from roads and fields also 
contributes to TSP levels in excess of the 
standards. In Lewiston , the wood products 
industry and a kraft pulp mill are the chief 
point sources, while in the Kellogg area, the 
Bunker Hill Company's smelting operation is 
a major source of TSP. 

In Oregon's Portland area, motor vehicles 
directly or indirectly account for 
approximately half the area's suspended 
particulates; natural sources, vegetative 
burning, and industrial sources contribute 
the rest. Wood products, rock products, and 
metallurgical industries are the major point 
sources, but all have applied reasonable 
controls on their emissions. The wood 
products industry is also the major pOint 
source in the Medford-AShland area. 
Although the Grants Pass area exceeded 
TSP standards, more data will be needed to 
assess potential problems there. In the 
Eugene-Springfield and Lebanon areas, 
burning of slash, field stubble, and other 
vegetation, and airborne dust from roads 
and fields contribute to particulate levels. 
Emissions from the wood products, paper, 
and rock products industries also contribute 
to the Eugene-Springfield particulate 
problem. 

NWMAR117198 



In Washington's Seattle, Tacoma, and 
Spokane areas, fugitive dust from paved and 
unpaved roads and construction sites, and 
point source industrial emissions caused 
TSP standards to be exceeded . The main 
source of particulates in the Vancouver area 
has been traced to the Carborundum 
Company, a processor of inorganic 
minerals. In the Port Angeles and Longview 
areas, suspended particulate levels are 
largely due to fugitive dust from log yards 

Figure 8. 
Air Quality Status -
Total Suspended Particulates 

KLAMAJH 

.Kln.,tI 
Fatl. 

lAKE 

and emissions from the forest products 
industry. The Clarkston area's major source 
of pollution is pulp mill operations in 
Lewiston, Idaho. 

Particulate control devices such as 
bag houses, electrostatic preci pitators, and 
scrubbers have been installed on many 
industrial sources, and some plants are 
scheduled to further reduce emissions in the 
future. As existing plants are modified and 

MALHE"UR 

HAANEY 

new facilities are constructed, the best 
technology available to control suspended 
particulates will be required. Control of 
fugitive dust is more difficult to achieve. 
Paving roads and parking areas can help, as 
well as improved "housekeeping" in 
industrial areas (such as covering hoppers 
or conveyor belts or other equipment 
transporting raw materials) . Construction 
sites can be wetted down to reduce dust. 
However, it is expected that reduction of 
fugitive dust will be very gradual due to the 
high cost of control. 

• 
STANDARD ATTAINED OR CONSIDERED TO 
ATTAIN STANDARD 

SECONDARY STANDARD EXCEEDED 

o PRIMARY STANDARD EXCEEDED 

ALERT LEVEL EXCEEDED 

D STANDARD EXC EEDED OR CONSIDERED TO 
EXCEED STANDARD DUE TO FUGITIVE DUST 
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Figure 9. 
Percent of Observed Days Total Suspended 
Particulates Exceeded Standards 
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MONITORED 

OBSERVED DAYS EXCEEDED ('10) 
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I (12161) 
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NOTE: Number in parentheses represents total number of 
days exceeding standards per number of observation days. 

'May not be representative of total problem. Less than 75% 
of observation days reported. 
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Alaska is not illustrated in Figures 8 and 9 
since violations in the state are attributed to 
fugitive dust. However, the Fairbanks, Alaska 
area has a unique pollution problem called 
"ice fog" which forms spontaneously at 
-400 F when supersaturated water vapor cools 
and can no longer hold moisture, forming 
ice crystals. At warmer temperatures, -200 F, 
ice fog can form around condensation nuclei 
such as particulate matter. Deeper layers of 
ice fog have been forming more frequently 
at warmer temperatures as the population 
has increased, with heavy ice fog occurring 
approximately 15 days per year. There is no 
Federal air quality standard pertaining to ice 
fog even though it severely decreases 
visibility. Economical control techniques are 
presently being researched and evaluated to 
help reduce this problem. 

To date, the concern in Region 10 has been 
to reduce emissions from point sources. 
Although most of the industries that produce 
significant amounts of particulates have 
installed the required control devices, 
particulate problems, especially those 
resulting from area sources, still remain in 
the urban areas. 

Sulfur Dioxide 
Sulfur dioxide is formed when coal or oil 
containing sulfur is burned, or when sulfur is 
burned in an industrial process. Breathing 
air containing sulfur dioxide can produce 
adverse health effects similar to those 
described above for suspended particulates. 
When sulfur dioxide combines with moisture 
in the air to form acidic mist and rain, it can 
pose an increased health hazard. In 
addition, it corrodes buildings, is harmful to 
vegetation, and can deteriorate the water 
quality of lakes and streams far from the 
source of the pollutant. 

Figure 10 shows the air quality status of 
sulfur dioxide in Region 10 and Figure 11 
compares those areas that exceeded 

CII COMMERCIAL INDUSTRIAL 

R RESIDENTIAL 

r RURAL 

SECONDARY STANDARD EXCEEDED 

o PRIMARY STANDARD EXCEEDED 

ALERT LEVEL EXCEEDED 

standards. In Idaho, the principal cause of 
sulfur dioxide pollution is the smelting of 
nonferrous ores (lead and zinc) and the 
manufacture of phosphate fertilizer. 

In Kellogg, where the Bunker Hill Company 
smelts and refines lead and zinc, the rugged 
terrain of the Silver Valley inhibits adequate 
dispersion of sulfur dioxide, although the 
plant's two 700-foot stacks have improved 
the situation. However, during frequent 
thermal inversions, the plant must follow a 
set of procedures to reduce or discontinue 
production to keep sulfur dioxide levels 
within the standards. The Bunker Hill 
Company will conduct further studies to 
determine where maximum sulfur dioxide 
concentrations occur. The results of these 
studies will provide the information 
necessary to improve Bunker Hill's 
dispersion program to meet ambient 
standards until additional controls are 
installed. 

The major source of SUlfur dioxide in the 
Pocatello area is J.R. Simplot, which 
produces fertilizers and industrial chemicals. 
The company is installing additional controls 
that should further reduce their emissions by 
25 percent. The Beker Industries phosphate 
fertilizer plant near Soda Springs is the 
major source of sulfur dioxide in that area; 
primary sources are two sulfuric acid plants, 
both of which operate in compliance with 
applicable emission regulations when their 
control equipment is functioning properly. 
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Over 80 percent of Washington's sulfur 
dioxide pollution comes from industrial 
sources and power plants. About half the 
emissions in the state are from ASARCO's 
Tacoma smelting and refining operations; 
however, violations of standards have not 
occurred in Tacoma since December 1976. 
ASARCO relies on dispersion techniques to 

Figure 10. 
Air Quality Status - Sulfur Dioxide 

Figure 11 . 
Percent of Observed Days 
Sulfur Dioxide Exceeded Standards 

OBSERVED DAYS EXCEEDED ('!o) 

Idaho 
I C/ 

Kellogg R 

Conda
Soda Springs C/ 

Pocatello C/ 

I 

I 

1 2 3 4 

(7/ 341) 

~U 
(3/341) 

I I (8/ 348) 

I (4/ 333) 

Washington r--t--+--;,I I I 
Port Angeles c/II..._--' __ ..L.-_...I.L.I _-l..(_6/_19_4)-J. 

C/I COMMERCIAL INDUSTRIAL 

R RESIDENTIAL 

r RURAL 

NOTE: Number in parentheses represents total number of 
days exceeding standards per number of observation days. 

·May not be representative of total problem. Less than 75% 
of observation days reported . 

meet national ambient air quality standards 
by reducing operations when weather 
conditions (such as thermal inversions) 
prevent adequate mixing. As in the case of 
the Bunker Hill smelter, this may only be a 
temporary solution until the need for better, 
constant control has been established and 
equipment installed . 

The major sulfur dioxide sources in the Port 
Angeles area are ITT Rayonier and Crown 
Zellerbach. Based on meteorological 
conditions, emission rates, and the 
geography of the area, ITT appears to have 
the dominant effect on ambient sulfur 
dioxide levels. 

The pulp mills in southeastern Alaska, major 
point sources of su lfur dioxide, comply with 
the state's S02 air quality regulations. In 
1979, the sulfur dioxide standards were not 
exceeded. Additional data are needed to 
assess potential future sulfur dioxide 
problems that could arise from operation of 
the pipeline terminal and proposed 
construction of a petrochemical plant in 
Valdez. 

Oregon complies with the National Ambient 
Air Quality Standards for sulfur dioxide and 
there are no known potential problems in 
that state . 

• 
STANDARD AITAINED OR 
CONSIDERED TO ATIAIN STANDARD 

D SECONDARY STANDARD EXCEEDED 

D PRIMARY STANDARD EXCEEDED 
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Figure 12. 
Air Quality Status - Carbon Monoxide 

• D 

14 

STANDARD ATIAINED OR 
CONSIDERED TO ATIAIN STANDARD 

PRIMARY STANDARD EXCEEDED 

ALERT LEVEL EXCEEDED 
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Carbon Monoxide 
Carbon monoxide is a colorless, odorless 
gas- high concentrations can cause 
unconsciousness or even death. At 
concentrations above the primary standard, 
this pollutant can interfere with mental 
alertness and physical activity, especially for 
persons with heart or lung disorders. 
Carbon monoxide is a by-product of fossil 
fuels combustion. Its major source is motor 
vehicles, and the most severe violations of 
standards are recorded where automobiles 
are concentrated- in urban areas. Figure 12 
illustrates the extent of the carbon monoxide 
problem in Region 10, and Figure 13 
compares the areas not meeting the carbon 
monoxide standard. 

Motor vehicles are responsible for about 90 
percent of carbon monoxide emissions; 
therefore, plans for reducing such emissions 
center on improvements to individual 
automobiles and to the transportation 
system as a whole. As older cars are 
replaced by models with up-to-date pollution 
control equipment, carbon monoxide levels 
should decline. In addition , regular vehicle 
inspection and maintenance will ensure that 
emission control devices are functioning 
effectively. Other measures for mitigating the 
carbon monoxide problem are based upon 
reducing vehicle miles traveled and include 
traffic flow improvements, transit 
improvements, carpooling, bike lanes, and 
parking management. 

The majority of the carbon monoxide 
problems in Region 10 are compounded by 
adverse climate conditions. During the 
winter months, extreme stable inversions 
develop in many parts of the Region which 
severely inhibit the dispersion characteristics 
of pollutants resulting in high pollutant 
concentrations. Also, it is difficult to 
maintain efficient combustion processes in 
cold weather. For example, automobiles in 
Alaska take longer to warm up and emit 
substantially more air pollutants than at 
warmer ambient temperatures; carbon 
monoxide emissions during engine warm-up 
may account for up to 65 percent of the total 
vehicle emissions produced, depending 
upon the size of the engine. Therefore, 
maintaining a warm engine or reducing 
average engine size may be effective in 
reducing cold-start emissions. These 

emissions are currently uncontrolled, and 
the proposed low-temperature emission 
standard for automobiles should be effective 
in helping to achieve the 90% reduction 
mandated by the Clean Air Act through the 
Federal Motor Vehicle Control Program. 

Through transportation controls previously 
identified, EPA is working closely with the 
Region 10 states to control emissions from 
vehicles and to reduce the number of vehicle 
miles traveled in urban centers with high 
carbon monoxide levels. 

Figure 13. 
Percent of Observed Days 
Carbon Monoxide Exceeded Standards 
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ALERT LEVEL EXCEEDED 

o PRIMARY STANDARD EXCEEDED 

Ozone 
Unlike other air pollutants discussed in this 
report, photochemical oxidants are not 
emitted by industries or automobiles; rather, 
they are the product of a chemical reaction 
that occurs in the atmosphere when two 
other pollutants are present- oxides of 
nitrogen (which are discussed below) and 
hydrocarbons. The chief sources of 
hydrocarbons include automobile exhaust 
and volatile organic compounds (VOG) such 
as solvents and gasoline. Besides oxides of 
nitrogen and hydrocarbons, sun light is 
necessary for the reaction . When all three 
are present, a class of chemicals known as 
photochemical oxidants is produced, the 
most common of which is the gas, ozone. 
Air quality standards refer to ozone, and 
only ozone is measured by monitoring 
instrumentation. 

Ozone irritates the eyes and respiratory 
system, aggravates asthma and chronic lung 
diseases, and reduces lung and heart 
capacity. It also probably causes more 
damage to plants in the United States than 
any other pollutant. Ozone concentrations 
greater than the health standard have 
occurred in the Portland, Oregon. and 
Seattle, Washington , areas, (see Figures 14 
and 15) and future monitoring may identify 
other areas. Because significant quantities of 
the substances that give rise to ozone come 
from automobiles, measures taken to 
reduce other automobile emissions, such as 
carbon monoxide. are also effective in 
controlling ozone. Also. measures that 
control VOC indirectly lower ozone levels. 
(An example is the floating roof for oil 
storage tanks that reduces evaporative 
losses.) 

Figure 14. 
Percent of Observed Days 
Ozone Exceeded Standards 

Oregon 
Portland 

Washington 
Seattl e 

OBSERVED DAYS EXCEEDED ('!o) 

r RURAL 

NOTE: Number in parentheses represents total number of 
days exceeding standards per number of observation days. 
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Figure 15. 
Air Quality Status - Ozone 
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• 
STANDARD ATTAINED OR 
CONSIDERED TO ATTAIN STANDARD 

o PRIMARY STANDARD EXCEEDED 

Nitrogen Dioxide 
Oxides of nitrogen are gases formed mainly 
by combustion. Sources include 
automobiles and power plants. Besides 
irritating the eyes and respiratory tract and 
damaging metal, rubber, fabric , and dyes, 
oxides of nitrogen contribute to 
photochemical oxidants, as described above. 

During 1979, the nitrogen dioxide standard 
was not exceeded in any of the Region 10 
states. 

Lead 
In 1978, EPA established an air quality 
standard for lead, which is to be achieved by 
November, 1982. At this time, the states, in 
cooperation with EPA, are gathering data to 
identify areas where the standard is being 
exceeded. Violations of the lead standard 
have occurred in the Kellogg, Idaho, area 
where the major sources are the Bunker Hill 
Company's lead smelter and general 
areawide contamination resulting from 60 
years of milling and smelting operations. 
Lead violations have also been found in the 
Seattle, Washington, area-Harbor Island 
due to RSR/Quemetco and along Interstate 
5 from Northgate to Spokane Street. The 
Puget Sound Air Pollution Control Agency is 
developing a plan to clean up the Seattle 
area. 

Other Hazardous Materials 
In addition to the six major air pollutants 
discussed above, other hazardous materials 
emitted to the air include asbestos, 
beryllium, and mercury. EPA is analyzing 
other potentially hazardous pollutants, and 
standards for these will be developed in the 
future, if necessary. 
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Trends in Air Quality 
Trends in air quality indicate whether air 
pollution control activities have been 
effective. Figure 16 shows the urban areas in 
Region 10 in which air quality standards 
were exceeded in 1979. A trend was 
established for designated monitoring sites 
obtaining data for the 6-year period from 
1974 through 1979. Air quality has improved 
in some Region 10 areas over the past few 
years; however, those improvements may 
not be shown in Figure 16 because long
term trend data is lacking. Also, new sites 
have been added within the last year to state 
networks, and trends for these areas will be 
available in the future. 

C / I: COMMERCIAL INDUSTRIAL 

R RESIDENTIAL 

r RURAL 

• D 
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ALERT LEVEL EXCEEDED 

STANDARD EXCEEDED OR CONSIDERED TO 
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Figure 16. 
Air Quality Trends 
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River Water Quality 

Water quality in Pacific Northwest and 
Alaskan rivers is generally good; however, 
portions of many Region 10 major rivers 
have marginal quality with respect to Federal 
water quality goals. Thi~ degradation is the 
result of both point and non-point sources of 
pollution with some problems attributed to 
natural causes. Criteria most often exceeded 
are those for temperature, bacteria, nutrient 
levels, and heavy metals. To attain the water 
quality goals, wastewater treatment 
programs for pOint sources and best 
management practices for non-point 
sources either have been implemented or 
are planned. 

How River Water Quality is 
Determined 
When Congress enacted amendments to the 
Federal Water Pollution Control Act in 1972, 
a national goal was set-"fishable, swim
mable" waters by 1983 and the states in 
Region 1 0 have adopted that goal. The 
purpose of the Act is to protect the quality of 
our Nation's waters for a variety of uses, 
including public water supply, wildlife, fish 
and shellfish, recreation, navigation, 
agriculture, and industry. Each water use 
depends on certain characteristics, such as 
temperature, cC3ncentration of dissolved 
oxygen, or absence of bacteria, which can 
be measured and used to evaluate water 
quality. They vary with the chemistry of the 
stream being measured, the season, and 
other factors. 

18 

Region 10 states have specified a limited 
number of criteria for water quality 
parameters and incorporated them into 
water quality standards. In addition, to 
reliably compare water quality on a regional 
scale, EPA Region 10 developed a 
standardized set of parameters and 
associated criteria and segregated them into 
ten related groups (Table 2). These criteria 
are a synthesis of state water quality 
standards, National EPA water quality 
criteria, information in technical literature, 
and professional judgment. like the state 
water quality standards, this more 

comprehensive set of criteria is intended to 
define water quality levels necessary to 
protect human and aquatic life and the 
desired recreational uses of river and stream 
waters, and thus represent EPA Region 10 
water quality goals. More than one criteria 
value based on water use may be associated 
with certain parameters. For example, most 
of the Region's streams are managed to 
support cold water game fish species such 
as trout and salmon ; however, some are 
managed as warm water fisheries, 
supporting bass, bullhead, etc., which 
require less stringent criteria. The water 

Table 2. 
Criteria Categories for the 
Water Quality Index 

CRITERIA CATEGORY 

Temperature 

Dissolved Oxygen 

pH 

Aesthetics 

Solids 

Radioactivity 

Bacteria 

Trophic (Nutrient 
Enrichment) 

Organic Toxicity 

Inorganic Toxicity 

EXPLANATION 

Water temperature influences the type of fish and other aquatic life that 
can survive in a river. Excessively high temperatures are detrimental to 
aquatic life. 

To survive, fish and aquatic life must have certain levels of oxygen in the 
water. Low oxygen levels can be detrimental to these organisms. 

pH is the measure of acidity or alkalinity of water. Extreme levels of either 
can imperil fish and aquatic life. 

Refers to oil, grease, and turbidity which are visually unpleasant. For the 
Index, this group is mostly represented by the turbidity parameter, which 
is a measure of the clarity of the water, because it is much more widely 
measured than any of the others within the group. 

Dissolved mineral and suspended material such as mud or silt. Excess 
dissolved minerals (hard water) interfere with agricultural , industrial , and 
domestic use. Excess suspended solids adversely affect fish feeding and 
spawning. 

May be in water as a result of radioactive waste discharges or fallout. 
Excess levels can harm aquatic and other life forms. 

Bacteria indicate probable presence of disease-related organisms and 
viruses not natural to water (Le. from human sewage or animal waste). 

Indicates the extent of algae or nutrients in water. Nutrients promote 
algae growth. When algae (one-celled water plants) flourish they make 
the water murky, and the growths make swimming and fishing 
unpleasant. Decomposition of dead algae can decrease dissolved oxygen 
concentrations to levels harmful to fish. 

Includes pesticides and other organic poisons having same effects and 
persistence as pesticides. 

Heavy metals and other elements; excess concentrations are poisonous 
to aquatic and other life forms. Also includes percent saturations of 
dissolved gases in water which can affect the metabolism of aquatic life. 

'Approximately 80 parameters were evaluated and condensed to the 10 categories shown here. More 
detailed information is available on request. 
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quality of an individual stream or stream 
portion may be determined at a monitoring 
station by measuring each parameter and 
comparing it to the criteria. But to compare 
one stream to another, or to compare 
segments within a particular stream, a single 
inclusive number is usefu l. Consequently, a 
Water Quality Index (WQI) has been 
formu lated by EPA Region 10 based upon 
the aforementioned criteria. 

Sources and Control of Water 
Pollution 
Pollutants that reach the Region's streams 
have two general origins: point source 
pollution, such as wastewater from 
industries, sewage treatment plants, and the 
li ke, that enters streams at an easily 
identified location ; and less easi ly identified 
non-point source pollution, that consists of 
storm water from urban areas, irrigation 
water, and runoff from farm, forest, and 
mining lands. 

Industries that discharge waste effl uent to 
streams must have a permit issued by EPA 
under the National Pollution Discharge 
Elimination System (NPDES) or by states 
that have assumed this responsibil ity. 
Through this means, EPA can require that 
pOint source pollutants be removed before 
wastewater reaches the river. Since non
point sources cannot be so easily treated, 
"best management practices" are required. 
For example, agricultural best management 
practices might include waste storage areas 
to keep organic wastes from reaching 
nearby streams, or contour plowing to 
prevent erosion of soil into rivers . 

The responsibility for developing methods to 
control non-point source pollution has been 
given to local and state agencies assigned to 
develop water quality management plans as 
provided by the Federal Water Pollution 
Control Act. 

D 
UNACCEPTABLE - SEVERE POLLUTION 

MARGINAL - INTERMITTENT. OR MODERATE 
POLLUTION 

• ACCEPTABLE - MINIMAL. OR NO POLLUTION 

Water Quality Index 
In this report, the Water Quality Index compares water quality data measured, primarily, from 
October 19n through September 1979 with the recommended Federal criteria. (Water management 
agencies usually operate on a "water year," I.e., October·September, rather than on a calendar year 
basis.) This data Is collected by various Federal, state, and local agencies and stored In EPA's 
computer systems. The final Index number for each station takes Into account the 10 water quality 
criteria categories shown In Table 2, adjusted to reflect the severity by which the criteria are 
exceeded. Two types of Index numbers are generated: one represents the average annual water 
quality, the other shows the worst 3 consecutive months status, which provides a better Indication of 
the severity of those water quality problems occurring on a seasonal basis. The Index numbers span 
a scale from 0 (no measured evidence of pollution) to 100 (severe pollution at all times). In this 
report, the scale is divided Into three color ranges: 

Blue represents streams with Index numbers between 0 and 20. These streams either have no 
pollution or are minimally polluted and therefore meet the goals of the Federai Water Pollution 
Control Act. 

Light brown represents streams with Index numbers between 20 and 60. Such streams are 
Intermittently and/or moderately polluted and are considered marginal with respect to meeting the 
goals of the Act. 

Dark brown represents streams with an Index number greater than 60. These streams are severely 
polluted and do not meet the goals of the Act. 

The color gray is used in the graphs when the water quality status Is unknown because of Inadequate 
data. 

Figure 17. 
Water Quality Index Values for 
Principal Region 10 River Basins 
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The Regional Overvie'w 
The Water Quality Index is used in Figure 17 
to compare the major river basins, which 
include the principa l rivers and tributaries 
within Idaho, Oregon, and Washington. (Lack 
of data precludes the calculation of WQI 
values to represent entire Alaska basins.) 
Figure 18 depicts the relative extent of water 
quality degradation within each river basin, 
and Figure 19 shows similar information on a 
regiona l map. Only three major river basins 
(Figure 17) seem to clearly meet the Federal 
water quality goals, with both Index numbers 
less than 20. Another six generally meet the 
goals, except during certain times of the year. 
The remaining six basins only marginally 
meet the Federal goals, and the majority of 
these drain arid portions of the Region that 
receive significant non-point source waste 
contributions from agricultural and livestock 
activities. 

Most of the criteria exceeded are those for 
temperature, bacteria, trophic, aesthetics, 
solids, and inorganic toxicants categories. 
Natural conditions such as hot summer 
temperatures, low streamflows, and easily 
erodable soils also contribute, particu larly in 
the more arid portions of the Region. In the 
Spokane River Basin, high heavy metals 
contributions from past and present mining 
activities on the South Fork Coeur d'Alene 
River drainage in Idaho are primarily 
responsible for elevated Index values. 
Elevated heavy metals concentrations of 
unknown origins also appear in portions of 
the Lower Columbia and Lower Snake Basins. 
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Figure 18. 
Miles Within Principal Region 10 
River Basins Meeting Water Quality Criteria 
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each basin. 
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Figure 19. 
Water Quality Status of Principal Rivers in 
Region 10 (Based Upon the Average 
Annual WQI) 

Figure 20. 
Water Quality Trends in Region 10 
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3 consecutive months per station at 89 monitoring and 
stations within Region 10, (Alaska stations, organic and 
inorganic toxicant pollution categories not included,) 

D • 
UNACCEPTABLE - SEVERE POLLUTION 

MARGINAL - INTERMITIENT, OR MODERATE 
POLLUTION 

ACCEPTABLE - MINIMAL, OR NO POLLUTION 

STATUS UNKNOWN 

Data on organic toxicants is lacking for most 
streams, Programs are underway, however, to 
better define their extent and to develop 
realistic criteria for these compounds, 

Most of the criteria exceedances indicated in 
Alaska are due to natural conditions, such as 
glacial activity and spring runoff, Past and 
present mining operations may be 
contributing to the higher solids and metals 
values in some of these rivers, 

Regional water quality trends were analyzed 
by comparing data from 89 representative 
monitoring stations over a 7-year period 
(Figure 20), There has been little significant 
change at these stations since 1973, Due to 
inadequate data, Alaska rivers could not be 
included in the analysis, nor were organic or 
inorganic toxicants included, since there have 
been significant changes in analytical 
techniques and reporting procedures over the 
time period considered, Although point 
source controls have made many 
improvements in Regional water quality, 
further plans to identify and control non-point 
sources are needed to improve water quality 
in those stream segments still not fully 
meeting water quality goals, 
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The Quality of Oregon's 
Principal Rivers 
Figures 21 and 22 show that none of Oregon's 
principal rivers and streams are severely 
polluted all year. The Snake River above 
Brownlee Dam (Middle Snake) experiences 
severe degradation during some months of 
the year. Portions of the Owyhee and Malheur 
Rivers are seasonally polluted to almost as 
great a degree. Half of the principal rivers 
have only marginal water quality on an annual 
average basis, and more are similarly affected 
at least part of the year. Most of the lesser 
quality streams are located in the eastern and 
southern parts of the state, and are impacted 
by non-point source wastes from irrigation, 
agricultural, and livestock activities. 

Figure 23 shows the worst 3-month status of 
certain Oregon river and stream reaches with 
respect to each of the 10 WQI categories. 
Some of the man-caused sources of criteria 
exceedances are also indicated. Criteria most 
frequently exceeded are temperature, 
bacteria, trophies, solids, and inorganic 
toxicants (basically, heavy metals). 

Temperatures exceeding the criteria 
contribute to the impairment of cold water fish 
species. This condition Is somewhat mitigated 
by the ability of the fish to migrate to cooler 
tributary streams during the warmest periods, 
and to partially adapt to the warmer 
temperatures. The hot, dry climate in eastern 
and southern Oregon with attendant low 
streamflows is mostly responsible for these 
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exceedances. In some streams, however, 
these climatic conditions may be aggravated 
by irrigation diversions and return flows, 
dams, and the destruction of streambank 
vegetation. The portions of the Malheur, 
Owyhee, Umatilla, and Klamath that are 
represented were evaluated against warm 
water fishery criteria and subsequently do not 
indicate temperature exceedances. 

Dissolved oxygen levels occasionally failed to 
meet the criteria in the Snake River 
immediately below Hell's Canyon Dam and in 
the Klamath River near Keno. This is due to 
the introduction of nutrients from agricultural, 
livestock, and natural sources, which stimulate 
algal and aquatic weed growth during the 
spring and summer months. The subsequent 
decay of these growths and other organic 

Figure 21. 
Water Quality Status of Oregon's 
Principal Rivers 

debris introduced by irrigation wastewater 
consumes quantities of dissolved oxygen 
sufficient to cause the remaining oxygen 
levels to fall short of the criteria. In the lower 
South Umpqua, low dissolved oxygen levels 
appear to be caused by municipal point 
sources combined with seasonally low 
streamflows during the summer. 

The lower John Day and Middle Snake Rivers 
show pH values in excess of the criteria. 
Natural soil conditions may be the primary 
reason in the former case, and agricultural 
runoff in the latter. 

Over half of the stream segments shown 
exceed criteria levels for bacteria and 
nutrients. Much of this degradation may be 
attributed to runoff from grazing lands, 

BASED UPON THE AVERAGE ANNUAL WOI: D ~~3J~~N - INTERMITTENT. OR MODERATE 

• ACCEPTABLE - MINIMAL. OR NO POLLUTION 
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croplands, and animal confinement areas. 
Municipal pOint sources also contribute to 
these problems in certain areas. 

In Region 10, the aesthetics and solids 
categories are mostly represented by the 
turbidity and suspended solids parameters, 
respectively, and are therefore closely related. 
High turbidity levels usually indicate similar 
levels of suspended solids, which are caused 
by the erosion of soil into the rivers and 
streams. Both conditions are aesthetically 
offensive. Most of those Oregon streams 
exceeding the turbidity criteria are impacted 
by agricultural runoff during late spring and 
summer. The other streams are affected to a 
lesser extent during winter and spring due to 

Figure 22, 
Water Quality Index Values 
for Oregon's Principal Rivers WOI VALUE 
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rainfall and snowmelt runoff. Again, although 
many of these conditions are probably natural 
in origin, man's agricultural, livestock, and 
forestry activities across the state may be 
responsible for some of the degradation. 

There is a significant lack of data on organic 
toxicants in Oregon streams, even though 
pesticides and herbicides are widely used in 
both agricultural and forestry activities 
throughout the state. Regular monitoring for a 
relatively small number of these chemicals 
has been performed in only a few of Oregon 's 
streams in recent years. Except for the 
Klamath River, where concentrations of the 
pesticide Lindane were found in excess of the 
EPA criteria for aquatic life in 1976, this 
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limited monitoring program has not detected 
significant levels of organic toxicants to date. 
More widespread sampling for a much larger 
number of organic toxicants is being 
undertaken to better assess the extent of 
these compounds. 

The inorganic toxicants category is primarily 
represented by the heavy metal parameters 
except for the South Umpqua, where only 
ammonia data is available. Seasonally low 
streamflows combined with sewage treatment 
plant effluent probably account for the 
elevated ammonia values. The highest levels 
of heavy metals occur in the Columbia River 
from unknown sources. 

EPA stream monitoring for radiation in or near 
Oregon occurs quarterly on the Columbia 
River near Richland, Washington and Astoria, 
Oregon. Although there is insufficient criteria 
data available to calculate Index numbers for 
this category, observed radiation values at 
these sites are less than 5 percent of the EPA 
drinking water standard. 

River Water Quality Trends 
Figure 24 compares the year-to-year water 
quality at 22 monitoring stations within or 
bordering upon Oregon over the past 7 years. 
Although improvements due to point source 
controls have been documented, no 
significant improvement trends in statewide 
water quality are seen because of the 
influence of continuing natural and man
caused non-point source degradation at these 
stations. 

Looking at the individual water quality 
categories and stream segments (Figure 24), it 
appears that conditions are deteriorating 
somewhat in several of the most degraded 
segments, while conditions in the Willamette 
River and its tributaries seem to be improving. 
The limited amount of data available for 
analysiS makes it difficult to provide a more 
complete evaluation of Oregon water quality 
trends at this time. 

The Outlook for Oregon 
Many existing water quality problems in 
Oregon are due to non-point sources of 
pollution, especially agricultural sources. To 
address this problem, the Oregon Department 
of Environmental Quality (DEQ) has assessed 
the state's non-point source pollution and is 
now developing and beginning to apply best 
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Figure 23. \ 
River Water Quality Categories 
Current Status and Trends in Oregon 

RIVER 
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The co lors depict the worst three-month status 
of each category during the water year 1978/ 1979 
period . The arrows depict category trends as 
determined by a non-parametric stat istical test 
of water year 1973 through 1979 data. 
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Figure 24. 
Water Quality Trends in Oregon 

WATER 
YEAR 

1973 
1974 
1975 
1976 
1977 
1978 
1979 

PERCENT OF STATlONS 

Based upon the water quality status during the worst 
3 months at 22 monitoring stations within and bordering 
upon Oregon. Organic and inorganic toxicity parameter 
groups not included. 

management practices to farms identified as 
pollution sources. DEQ works with 
agricultural agencies to encourage farmers to 
voluntarily use approved practices. Projects 
are underway that should reduce pollution 
levels in Bear Creek (Jackson County) , the 
Owyhee and Malheur Rivers (Malheur 
County), the Umatilla River (Gilliam, Marion, 
Sherman, Umatilla, and Wasco Counties) , and 
the Lower Columbia (Wasco County) . 

Forestry practices, which can also increase 
sediment and nutrient levels, are controlled in 
Oregon through the Forest Practices Act, 
which requires that road construction and 
logging activities minimize erosion and 
restricts logging adjacent to streams, thus 
protecting stream cover. The Act is enforced 
by officers who cite and fine contractors and 
private operations who fail to comply. 

Control of pOint sources from industrial and 
sewage treatment operations through the 
NPDES permit system should improve water 
quality along specific stream segments. A 
regional treatment plant being constructed for 
the Eugene-Springfield area, for example, 
should significantly reduce bacterial levels in 
the Willamette River. Industries discharging to 
tributaries of the Willamette, such as the 
Teledyne Wah Chang plant at Albany, are 
reducing the levels of ammonia in their 
effluent. This should improve the level of 
dissolved oxygen in the river and reduce the 
toxicity and nutrient levels. Installation of 
secondary treatment facilities at several fruit 
proceSSing plants has reduced the discharge 
of pollutants to the Columbia River. 
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The Quality of Washington's 
Principal Rivers 
Figure 25 shows the location and extent of 
water quality within Washington 's principal 
rivers and streams, and Figure 26 compares 
their water quality in WOI terms. 

On an average annual basis, the majority of 
streams generally meet the Federal water 
quality goals. The South Fork of the Palouse 
currently appears to be the most degraded 
Washington stream and does not meet 
Federal goals. During their worst 3-month 
conditions, over half of the streams may be 
considered marginal with respect to the goals. 

The marginal rating for the Puyallup/White 
system and the Upper Nisqually is primarily 
due to criteria exceeded in the aesthetics and 
solids categories, caused by glaCial meltwater. 
In the Lower Columbia, this rating is due to 
elevated heavy metals levels from unknown 
sources. 

Many of the state's water quality problems are 
found in the lower portions of the Yakima, 
Crab Creek, Walla WaliaITouchet, and 
Palouse drainages, where the effects of 
Climatically induced low streamflows and high 
summer temperatures are aggravated by 
man's activities. Problems typically 
encountered include high levels of bacteria, 
turbidity, suspended solids, and nutrients, as 
well as elevated summer water temperatures. 
Most of these problems are attributed to 
agricultural and livestock-related non-point 

sources, such as irrigation return flows, 
erosion from cultivated dryland areas, and 
runoff from grazing areas and feedlots . 

Figure 27 shows the status of various 
segments of Washington's principal streams 
with respect to the 10 WOI categories. 
Summer stream temperatures exceed 
recommended criteria in the lower portions of 
many of the eastern Washington streams. As 
in Oregon, natural causes are probably the 
major contributors, but human activities 
compound the problem. Dissolved oxygen 
levels in the Spokane River immediately below 
Long Lake Dam fail to meet the minimum 
criteria during the late summer and fall. This 
condition is caused by the oxygen-consuming 

Figure 25. 
Water Quality Status of Washington's 
Principal Rivers 
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decay of algae and other ors:lanic material 
within Long Lake, which are either 
contributed to or stimulated by upstream 
sources. Excessive bacterial levels are mostly 
found in the lower portions of eastern 
Washington's streams, with irrigation, 
precipitation, and snowmelt runoff from 
grazing and animal confinement areas the 
probable causes. However, sewage treatment 

Figure 26. 
Water Quality Index Values 
for Washington's Principal Rivers 

wastes may be primarily responsible for 
exceedances in the South Fork Palouse and 
Duwamish Rivers. 

The most severe exceedances of the 
aesthetics and solids criteria generally occur 
in the more intensely farmed areas of 
southern and eastern Washington, particularly 
during periods of rainfall and snowmelt runoff. 

Recent monitoring of the lower Spokane, 
Elwha, and Yakima Rivers for organic 
toxicants indicates no significant levels of 
these compounds. More widespread sampling 
for a much larger number of organic toxicants 
is being undertaken to better assess their 
extent in Washington's streams. 

WOI VALUE 
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Inorganic toxicants include the heavy metals 
zinc, lead, and cadmium, which can harm fish 
and persons who eat contaminated fish . A 
number of Washington rivers appear not to 
meet recently refined Federal criteria. 
However, for most of these streams, it is not 
clear at this time whether there is a genuine 
problem with inorganic toxicants or simply a 

100 problem with insufficiently sensitive analytical 
and monitoring techniques. Past and present 
mining and smelting activities in Idaho's 
South Fork Coeur d'Alene River drainage are 
responsible for excessive inorganic toxicant 
levels in the Spokane River. 
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The WOI values presented are derived from averaging 
WOI values from those river portions with adequate data. 
Except where indicated, river portions included are 
located only on the main river named. 

EPA stream monitoring for radiation in or near 
Washington occurs quarterly on the Columbia 
River near the Canadian border, Richland, and 
Astoria, Oregon. Although insufficient criteria 
data is available to calculate Index numbers 
for this category, observed radiation values at 
these sites are less than 3 percent of the EPA 
drinking water standard . 

River Water Quality Trends 
Figure 28 compares the year-to-year water 
quality at 39 monitoring stations within, or 
bordering upon, the state over the past 7 
years. As in Oregon, improvements due to 
point source controls have been documented. 
No significant improving trends in the overall 
water quality status are seen, however, due to 
the influence of continuing natural and human 
related non-point source degradation at these 
stations. Incomplete data from some of the 
monitoring sta"tions and variations in the 
climate and sampling times combine to add 
difficulties to the attempt to analyze water 
quality trends . 
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Figure 27. 
River Water Quality Categories 
Current Status and Trends in Washington 
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The colors depict the worst three-month status of 
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period . The arrows depict category trends as 
determined by a non-parametric statistical test 
of water year 1973 through 1979 data. 

Figure 28 
Water Quality Trends in Washington 
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60 

Data based upon the worst 3 consecutive months status 
of 39 monitoring stations within, and bordering upon, 
Washington. OrganiC and inorganiC toxicant categories 
not included. 

Figure 27 indicates some improvement in 
certain categories in the most-degraded 
stream segments in eastern Washington, 
particularly with respect to trophic conditions. 
In fact, where data is available, it appears that 
nutrient levels are declining in many stream 
segments across the state. Because limited 
data is available for trends analysis, it is 
difficult to more completely evaluate water 
quality trends within the state at this time. 

The Outlook for Washington 
The NPDES permit system and 
implementation of areawide wastewater 
management plans being developed should 
correct many of the pollution problems 
discussed above. New and improved sewage 
treatment plants, improved operation of 
existing plants, and best management 
practices in agricultural and livestock 
operations should most noticeably improve 
bacteria, nutrients, and solids levels, The 
effect of forest practices on erosion and 
temperature levels is being controlled through 
the Forest Practices Act. 

Programs are underway to determine the 
extent of organic toxicants. If significant levels 
are found , they are likely to be in metropolitan 
areas where the impact of both municipal and 
industrial waste discharges are the greatest. 
Elevated levels may also be found in streams 
that drain agricultural areas with high 
pestiCide usage. 
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The Quality of Idaho's 
Principal Rivers 
Figure 29 shows the location of the major 
Idaho streams and the general extent of 
water quality degradation within their 
reaches based upon the average annual 
WQI. Figure 30 compares 'their average 
annual and worst 
3-month WQI values. 

Much of the South Fork Coeur d'Alene River 
is affected by wastes from past and present 
mining and ore-producing activities within 
its basin. Pollution from these activities also 
causes the Spokane and main Coeur 
d'Alene Rivers to be rated marginal. The 
lower Portneuf River has been degraded by 
a combination of municipal, industrial, 
agricultural, and natural sources. Since the 
summer of 1980, however, much of the 
municipal and industrial wastewater has 
been diverted from the river. Rock Creek, 
which flows through Twin Falls, is heavily 
impacted by irrigation wastewater entering 
its lower reaches. 

Most of the other principal streams 
monitored in Idaho only marginally meet 
Federal water quality goals during their 
worst 3-month periods; many of their 
problems are attributed to agricultural non
point sources, particularly in Southern 
Idaho. Some stream reaches are affected by 
point source discharges from sewage 
treatment and industrial plants, for example, 
the Boise River and Milner Reservoir, located 
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Figure 29. 
Water Quality Status of Idaho's 
Principal Rivers 

on the Snake River. High heavy metals levels 
from unknown sources are primarily 
responsible for the Lower Salmon and 
Clearwater Rivers' marginal ratings. The 
remaining streams are located in more 
remote areas of the state. lack significant 
agricultural, urban, and industrial activities, 
and generally meet Federal goals. 

o • 

Figure 31 shows the worst 3-month status of 
various Idaho river and stream reaches with 
respect to each of the water quality 
categories evaluated by the WQI. Many 
stream reaches exceeded the temperature 
criteria, particularly in the more arid portions 
of the state. The low dissolved oxygen levels 
below Hell's Canyon Dam on the Snake 
River are discussed under Oregon River 
Water Quality. 

Excessive bacterial levels occur in some of 
Idaho's southern streams, due primarily to 
runoff from grazing and animal confinement 
areas. Over half of the stream segments 
evaluated experience excessive levels of 
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nutrients (trophic category) during at least 
part of the year. These are mostly over
enriched by runoff from irrigated and 
dryland agriculture, although secondary 
treated sewage may be contributing to these 
problems in some streams, such as the 
Boise River. 

The highest suspended solids levels 
observed in the state were found in the lower 
portions of Rock Creek, Bruneau River, 
Portneuf River, and in the Bear River near 
the Wyoming border. Irrigation return flows 
are mostly responsible for these levels in 
Rock Creek, while rainfall and snowmelt 
runoff from dryland agricultural areas 
account for the high solids levels in the other 
three streams. 

Figure 30. 
Water Quality Index Values 
for Idaho's Principal Rivers 
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River following the flooding caused by the 
failure of the Teton Dam. 
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sources are causing criteria exceedances in 
parts of the Spokane/Coeur d'Alene River 
system. 

Insufficient criteria exist to allow formulation 
of Index numbers for the radiation category. 
Compared to the Idaho regulations for 
public drinking water systems, however, 
recent data shows that a few stream 
segments exceeded these criteria. These are 
believed to be caused by naturally occurring 
uranium in the soils, 

River Water Quality Trends 
The general water quality picture in Idaho, 
as represented by the 28 monitoring stations 
evaluated in Figure 32, has exhibited lit1le 
apparent change over the past 7 years for 
the same reasons explained in the Oregon 
and Washington discussions. 

Trends within individual categories (Figure 
31) indicate improvement in the aesthetics 
and solids categories in many of the stream 
segments. Segments exhibiting 
improvements in the greatest number of 
categories are the Kootenai River near the 
Canadian border and the Snake River near 
Mountain Home. 

The Outlook for Idaho 
Reductions in point source pollution in 
Idaho are being achieved by means of 
NPDES permits and earlier cooperative 
state, industry, and municipal efforts. 
Problems still exist, however, with sewage 
treatment, including inadequate treatment 
levels, overloading of facilities from 
infiltration/ inflow, and insufficient dilution of 
sewage effluent due to low streamflows. 
Food processing industries and mining and 
ore processing facilities are other major 
point sources requiring improvements. 

Agriculture continues to be one of the most 
significant non-point sources of water 
pollution in Idaho. A Statewide Agricultural 

D • 
UNACCEPTABLE - SEVERE POLLUTION 

MARGINAL - INTERMITIENT, OR MODERATE 
POLLUTION 

ACCEPTABLE - MINIMAL, OR NO POLLUTION 
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Figure 31. 
River Water Quality Categories 
Current Status and Trends il'l; Idaho 

RIVER 

Portneuf 
at mouth 
Bruneau 

near mouth 
South Fork Coeur 
d' Alene at mouth 

Boise 
near mouth 

Boise at 
Lucky Peak Dam 

Rock Creek at 
Twin Falls 

Middte Snake near 
Mountain Home 

Middle Snake 
near Welser 

Coeur d' Alene above 
the South Fork 

Coeur d' Alene below 
the South Fork 

SpokanE: at Wash.! 
Idaho border 

Litlle Wood 
near mouth 

Lower Snake at 
Hell's Canyon Dam 

Lower Snake 
near Lewiston 

Bear at 
Wyoming border 

Bear at 
Utah border 

Clearwater 
near mouth 

Salmon 
near mouth 

Kootenai near 
u.S.lCanada border 

SI. Joe 
near mouth 

Welser 
at mouth 

Upper Snake above 
Idaho Falls 

Upper Snake 
near Burley 

Pend Oreille at 
Washington border 

Big Wood 
near mouth 

Blackfoot 
near mouth 

Henry's Fork 
near mouth 

Payette 
near mouth 
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The co lors depict the worst three-month status 
of each category during the water year 1978/ 1979 
period . The arrows depict category trends as 
determined by a non-parametric statistical test 
of water year 1973 through 1979 data. 

POint & non-point sources 

Agriculture. animal wastes 
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animal wastes 

Agriculture, animal wastes 

Agriculture. animal wastes 

Agriculture 
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Upstream mining sources 

Upstream wasle sources 

Upstream waste sources 

Non-point sources in 
Wyoming & Utah 
Agriculture, animal wastes 

Point sources. agriculture, 
mining 

Agriculture, animal wastes 

Agriculture 

POint sources, agrlcutture 
livestock 

Agriculture 

Agriculture 

Agriculture, animal wastes 

Figure 32. 
Water Quality Trends in Idaho 

WATER 
YEAR 

1973 
1974 
1975 
1976 
1977 
1978 
1979 

PERCENT OF STATIONS 
20 40 60 

Based upon the water quality status during the worst 
3 months at 28 monitoring stations within and bordering 
upon Idaho. Organic and inorganic toxicity parameter 
groups not included. 

o • 
UNACCEPTABLE - SEVERE POLLUTION 

MARGINAL - INTERMITTENT, OR MODERATE 
POLLUTION 

ACCEPTABLE - MINIMAL. OR NO POLLUTION 

STATUS UNKNOWN 

[JJ IMPROVING TREND 

[I] DETERIORATING TREND 

~ NO SIGNIFICANT CHANGE 

O INADEOUATE. OR NO DATA AVAILABLE FOR 
TRENDS ANALYSIS 

Pollution Abatement Plan was completed in 
1979. This voluntary program is being 
implemented on a statewide basis, and 
specifically using 208 projects in four high
priority areas: Rock Creek and Cedar Draw 
in Twin Falls County, Paradise Creek-South 
Fork Palouse River in Latah County, and 
Marsh Creek in Bannock County. 

Mining activities are another major non
point source of pollution. Significant 
improvement in water quality would result if 
discharges from the Bunker Hill Company in 
Kellogg were to meet EPA guidelines; 
however, runoff from abandoned and 
inactive mining operations, which is difficult 
and expensive to control , would still create 
problems in the South Fork and main Coeur 
d'Alene Rivers. State plans to rehabilitate the 
South Fork have been hampered by lack of 
funds . 
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The Quality of Alaska's 
Principal Rivers 
Because most of Alaska is remote and 
inaccessible, water quality information is 
scattered, as well as difficult and expensive 
to obtain; therefore half of the state's 
principa l streams cannot be evaluated. 
Avai lable data from October 1977 through 
September 1979 were used to indicate the 
general status of the principal Alaska rivers . 
Where insufficient data existed for that 
period, data from October 1972 through 
September 1979 were used. Figure 33 shows 
the location and water quality status of these 
streams, and Figure 34 compares the Index 
values from the single stations that represent 
each river. 

None of the rivers with data appear to be 
severely degraded. River segments rated 
marginal are primarily exceeding turbidity 
(aesthetics) , suspended solids, and heavy 
metals (inorganic toxicants) criteria on an 
intermittent basis. The high levels of the first 
two are primarily due to natural occurrences, 
such as ice breakup and runoff from the 
snowpack and glaciers. Human activities, 
such as placer mining and construction, may 
be partially responsible, particularly in some 
of the smaller tributary streams. Metals 
criteria exceedances may be due to a 
combination of factors , such as mining 
activities, natural geological processes, and 
the criteria/reporting problem discussed 
earlier. 

Figure 33. 
Water Quality Status of Alaska's 
Principal Rivers 

Figure 34. 
Water Quality Index Values 
for Alaska's Principal Rivers 
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UNACCEPTABLE SEVERE 
POLLUTION 

O MARGINAL - INTERMITTENT 
OR MODERATE POLLUTION 

• 
ACCEPTABLE MINIMAL 
OR NO POLLUTION 

UNKNOWN 
INSU FICIENT DATA 

60 80 

'All marginal rivers exceed sediment criteria which may 0 WORST 3 CONSECUTIVE MONTHS 
be due 10 natural causes, such as glacial flowS. 

NOTE: Due to insufficient data, Index numbers could 0 ANNUAL AVERGE WATER QUALITY INDEX 

not be calculated for some rivers. Those values 
presented are calculated from only one monitoring t> INSUFFICIENT DATA 

station on each river 
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Figure 35 shows the current status of river 
water quality categories in Alaska. The 
bacterial problem indicated in the Tanana 
River is based upon 1973 and 19741data and 
was due to sewage discharges from the 
Fairbanks area into the Chena River, a 
tributary to the Tanana. Since late 1976, 
these wastes have been diverted from the 
Chena River and treated by a new sewage 
treatment plant, which discharges to the 
Tanana River. Recent data indicate that the 
Chena at Fairbanks, once severely polluted 
by these discharges, now has acceptable 
bacterial levels. This will improve water 
quality in the Tanana, although no post
treatment data are available at this time. 

Low dissolved oxygen levels in the Yukon 
and Kuskokwim River segments occur in the 
winter months due to the ice cover. Low pH 
values are occasionally observed in the 
Nushagak River for unknown reasons. The 
marginal organic toxicant rating for the 
Yukon River is due to one 2,4-0 sample in 
excess of the criteria . 

The Outlook for Alaska 
The challenge for the future in' Alaska will be 
to preserve the high level of environmental 
quality. Greater use of the vast natural 
resources of the state and increased 
population could result in significant 
deterioration of water quality. 

Alaska's wastewater treatment program for 
municipal and industrial discharges is well 
advanced but not yet complete; therefore 
continued emphasis on this program will be 
necessary to maintain water quality. Untreated 
domestic sewage discharges have been 
reduced in areas such as the Chena River 
near Fairbanks; however, many other interior 
and coastal communities still have inadequate 
sewage treatment facilities . Pulp mills are 
presently in.creasing their treatment levels. As 
additional industrial treatment needs are met, 
water quality in localized areas should 
improve. 

Urban center growth, resulting in increased 
discharges and urban runoff as well as 
increased recreational pressures on lakes and 
streams, will continue to cause problems in 
large communities such as Anchorage, 
Fairbanks, and Juneau. Various state and 
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Figure 35, 
River Water Quality Categories 
Current Status in Alaska J' ... -P 
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# l 

RIVER 
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' Yukon at 
Pilol Station 

'Talkeetna R. near 
Talkee tna 

' Stikine near 
Wrangell 

' Susitna at 
Susitna Statn. 
'Copper near 
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'Kobuk near 
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' Nushagak at 
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I HUMAN-RELATED CAUSES OF 
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' Kuparuk near 
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Gulkana at 
Sourdough 
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Crooked Creek 
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Chena at 
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Koyukuk at 
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Noatak 

Natural causes, 
poss ibly mining 
Natural causes, possibly 
mining, ice cover 
Nalura l causes, possibly 
mining, ice cover 

Natural causes 

Natural causes, 
possibly mining 
Natural causes, 
possibly mining 

Spring run-off 

Spring run-off 

Spring run-off 

Spring run-off 

Ice, natural causes, 
possibly mining 

Spring run-off 

~~~~~~~~~~ 
Innoko 

Sagavanirktok 
~~~~~-+~~~~+-~ 

STATUS BASED UPON WORST 3 
MONTH WQI: 

Kenai 

Naknek 

Karluk near 
l arsen Bav 

O MARGINAL - INTERMITTENT 
OR MODERATE POLLUTION 

• 
ACCEPTABLE - MINIMAL 
OR NO POLLUTION 

STATUS UNKNOWN 

'October 1977 - September 1979 data. Evaluations of the 
remaining stations based upon data from October 1972 -
September 1979. Insufficient data available for category 
trends analysis. 

local management agencies are presently 
identifying urban problems and developing 
prevention programs. 

Water quality degradation resulting from 
placer mining activities will be difficult to 
contro/. Because of the remoteness of these 
areas, technical evaluation of mining effects 
and control programs have not advanced. It is 
doubtful that mitigation of the effects of placer 
mining will be possible in the next few years. 

Timber harvesting as a non-point pollution 
source will become more significant in the 
future. Logging and the road construction that 
accompanies it add to the sediment load in a 
stream through accelerated erosion, 
particularly if the stream bank vegetation is 
removed in the process. In the past, Alaska's 
timber industry existed on publicly owned 

timber land. Timber harvesting practices were 
rigidly established in lease and contract 
stipulations, although contract enforcement 
was frequently deficient. Such Federal 
controls would not apply to the millions of 
acres of land being conveyed into state and 
private ownership as a result of the Statehood 
Act, Alaska Native Claims Act, and state land 
disposal programs. 

Construction in general, especially for roads, 
railroads, and pipelines also causes increased 
erosion and sediment loads. Conditions 
unique to Alaska, including permafrost, 
unstable stream channels, extreme 
temperature ranges, and glacial action 
accentuate the problem. Many of these 
situations are still being studied. The state is 
developing a manual of best management 
practices for transportation corridors. 
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Lake Water Quality 

Inland lakes and waterways constitute one of 
the Region's most important recreational and 
commercial resources. It is generally felt that 
the lake water quality in the Pacific Northwest 
is among the best in the Nation. On ly a few of 
the major recreational lakes have significant 
water quality problems that impair their 
recreational use. 

How Lake Water Quality is 
Determined 
A numerical water quality index has not been 
developed for lakes, as it has been for rivers. 
Instead, the water quality of the Region's lakes 
is evaluated based on ecological conditions 
(trophiC status) and their impact on 
recreational use of the lakes. For comparison 
purposes, and to help analyze the extent to 
which recreational uses are impaired in any 
given lake, the measurement criteria shown in 
Table 3 were applied . 

Factors Affecting Recreational 
Uses of Lakes 
If a lake is undisturbed by human activities, it 
undergoes a natural process of aging known 
as eutrophication. Man's activities, however, 
may accelerate this process by introducing 
nutrients to lake waters through improper 
land use and waste disposal practices. Land 
use practices on farm land, forests , and 
construction sites often result in erosion of 
nutrient-rich soi ls into streams feeding lakes. 
Significant quantities of nutrients are also 
discharged by sewage treatment and certain 
industria l plants and urban, pasture, and 
feedlot runoff. 

Water quality agencies are concerned with the 
trophic status of the Region's lakes because 
their many uses depend on their ecological 
conditions. Highly eutrophic lakes are 
characterized by dense algal blooms, floating 
mats of vegetation, and a murky appearance. 
Algae are found naturally in every body of 

water, but when stimulated by abundant 
nutrients, sunlight, and warm temperatures, 
they rapidly multiply to become a nuisance to 
recreational users while seriously affecting 
water quality for other uses. These plant 
nuisances may curtai l or even eliminate 
recreationa l activities (such as swimming, 
boating, and fishing) , impart tastes and odors 
to water supplies, and cause toxic cond itions 
which adversely affect other aquatic life in the 
lakes. For example, when sufficient quantities 
of these growths die, the decaying process 
may consume quantities of dissolved oxygen 
sufficient to kill fish and other aquatic life. The 
recreational use of lakes in itself can affect 
water quality. Power boats create waves that 
erode banks, contributing to sediment. 
nutrients, and muddy water; they also release 
mixtures of oil and gasoline and associated 
contaminants to the water. Removal of 
vegetation along shorelines to enhance public 
access can also lead to erosion. 
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Table 3. 
Criteria for Evaluating Impairmen~ 
of Lakes 

RECREAT1 0 NAL 
USE 

Swimming 

Fishing 

Boating 

DEGREE OF IMPAIRMENT 

NONE 

CRITERIA 

Very low bacteria levels 
(Fecal coliforms geometric 
mean less than 50 per 
100 ml) 
No adverse conditions. 
Healthy fish population. 
Less than 10% of surface 
area affected by aquatic 
weeds 

SCORE • 
• • 

Aesthetics Objects visible in water to • 
depth of 10 feet or more 
and low phosphorus 
(Secchi Disc' at 10 feet: 
total phosphorus of less 
than 10 ug/ln

) 

SCORE (No uses impaired) • 

RECREATIONAL 
USE 

Swimming 

Fishing 

Boating 
Aesthetics 

MODERATE 

CRITERIA 

Moderate bacteria levels 
(Fecal cOliforms 50 to 
200 per 100 ml), 
Slightly adverse condi
tions. Slight reduction in 
fish population. 
10% to 30% aHected 
Objects visible (rom 1.5 to 
10 feet and moderate 
phosphorus level (Secchi 
Disc at 1.5 to 10 feet; 
total phosphorus 10 to 
20 ug/ l) 

SCORE 

SCORE (All uses moderately impaired) I2]J 

RECREATIONAL _S:;,..IG::.:.N::.:.IF::.:.IC::.:.A::.:.NT'-'-_______ _ 

USE CRITERIA SCORE 

Swimming Unhealthy bacteria levels 
(Fecal coliforms greater 
than 200 per 100 ml) 

Fishing Adverse conditons. Signi- • 
ficant reduction in fish 
population. 

Boating More than 30% aHected 
Aesthetics Objects not visible beyond 

1.5 feet or high 
phosphorus level (Secchi 
Disc at less than 1.5 feet: 
total phosphorus greater 
than 20 ug/l) 

SCORE (All uses significantly impaired) 
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The Regional Overview 
The principal recreational lakes within the 
Region are of good quality, with relatively few 
impairments related to human activities. 
Figure 36 compares the percentage of lakes 
impaired for recreational use in each state. 
Figure 37 shows the location and impairment 
status of each lake on regional maps. 
Approximately half of the lakes assessed in 
Oregon, Washington, and Idaho, and most of 
the Alaskan lakes for which there is 
information, have little or no recreational 
impairment. However, some of these lakes are 
approaching a level of eutrophication that 
interferes with their desired uses. 

The EPA Clean Lakes Program provides 
Federal grants to state water quality agencies 
to improve lake quality. In Washington, this 

Figure 36. 
Impairment Status of Recreational Lakes 
In Region 10 

Alaska 
Idaho 

Oregon 
Washington 

PERCENT OF LAKES IMPAIRED 
20 40 60 80 100 

Based upon evaluation of 145 Region 10 lakes 

• LITTLE OR NO IMPAIRMENT o MODERATE IMPAIRMENT 

SIGNIFICANT IMPAIRMENT 

• STATUS UNKNOWN 

• A Secchi Disc is a round black and white plate 
suspended on a chain and used to determine water 
clarity. 

" ug/l = micrograms per liter . a measurement used 
for low concentrations of dissolved substances. 

program is supplemented by a state lake 
restoration program which provides matching 
funds to local agencies. Some measures 
being implemented to improve lake water 
quality include dredging to remove nutrient
containing sediments and decomposing plant 
material that consumes oxygen, flushing, 
bank erosion control , aeration, physically 
removing aquatic plants, and both chemical 
and biological controls to prevent 
eutrophication . Through these programs, 
many of the high-use recreational lakes in the 
Region are being restored and preserved for 
future generations. 
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Figure 37. 
Water Quality of Principal 
Recreational Lakes in Region 10. 
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Oregon Lake Water Quality 
Figure 38 shows the extent and major causes 
of use impairment for the principal 
recreational lakes in Oregon. Sevenlteen of 
these lakes are moderately impaired, mostly 
due to aesthetic conditions (algae blooms) 
and aquatic weed growths. Nutrients that 
support the weed and algal growths are, in 
some cases, supplied by bottom muds 
accumulated from soil erosion, and in others 
are due to septic drainage from recreational 
and residential development. 

The quality of a few of these lakes has been at 
least partially restored. Commonwealth Lake 
near Portland, for example, which suffered 
from algae bloom'> and proliferation of aquatic 
weeds, was successfully restored by dredging 
and flushing with water diverted from a 
nearby creek. Riprap, bulkheads, and a 
perimeter walkway reduced siltation in the 
lake. In Diamond Lake, Douglas County, 
nutrients from sewage had accelerated 
eutrophication. Sewage was diverted from the 
lake drainage, and fish-cleaning and trailer
dumping stations were installed to further limit 
nutrients reaching the lake. Other lakes still 
have problems. Blue Lake near Portland, for 
example, has high recreational potential. but it 
is highly eutrophic with summer blooms of 
algae. This is due in part to a nutrient-rich 
water supply. On the coast, Devil's Lake 
experiences rapid siltation due to storm water 
runoff. Feasibility studies have been initiated 
under the Clean Lakes Program for the 
restoration of Devil's Lake, Klamath Lake, 
Fern Ridge Reservoir, Sturgeon Lake, and 
Mirror Pond. 
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Figure 38. 
The Recreational Impairment and Trophic 
Status of Principal Recreational Lakes in 
Oregon 
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Washington Lake Water Quality 
Figure 39 shows the extent and major causes 
of use impairment for the principal 
recreational lakes in Washington. Vancouver 
Lake, Moses Lake, and Silver Lake are 
considered significantly impaired in two or 
more respects. Another 17 lakes are 
moderately impaired, mostly due to aesthetic 
conditions. Most of the lakes with water 
quality problems receive storm water runoff 
and septic tank seepage from lakeside 
residential areas. The large lakes and 
reservoirs of eastern Washington receive 
irrigation return flows"and runoff from 
agricultural lands that contain fertilizers and 
animal wastes which accelerates the 
eutrophication processes. 

Some measures are being implemented 
through the state and Federal programs to 
restore recreational amenities. For example, 
Medical Lake was treated with alum to 
precipitate excess phosphorous to the lake 
bottom, to form a layer over the sediments. 
This treatment resulted in a 90% reduction in 
phosphorous and substantially reduced the 
algal growths. Spada-Chaplain Lake had high 
levels of turbidity which were reduced by re
routing stream channels and stream beds to 
reduce erosion of clay into the lake and by 
revegetating the banks of the lake. Plans to 
improve water quality in Vancouver Lake and 
Lake Sacajawea include dredging, dilution, 
and control of polluting urban and agricultural 
runoff. 

Figure 39. 
The Recreational Impairment and Trophic 
Status of the Principal Recreational Lakes 
in Washington 
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Idaho Lake Water Quality 
Figure 40 shows the extent and majQr causes 
of use impairment for the principal lakes in 
Idaho. Most impairments appear to be due to 
algal blooms stimulated by nutrients from 
agricultural runoff and septic tanks. Runoff 
from agricultural non-point sources entering 
the Snake River upstream of Oxbow and 
Brownlee Reservoirs has degraded these two 
lakes. Lake Lowell , an off-stream reservoir 
near Boise, receives heavy recreational usage 
by residents of the Boise Valley . Excessive 
algal growth in the summer impairs such use. 
The photosynthetic activity and eventual 
decomposition of the algae reduce the 
dissolved oxygen levels, which may be 
adversely affecting the fishery resource of the 
reservoir. These conditions are primari ly due 
to the nutrient enrichment of summer inflows 
by agricultural non-point sources. 

The water quality of American Falls Reservoir 
is affected by nutrients from dryland and 
irrigated agriculture, winter discharges of 
treated sewage effluent from Pocatello, 
phosphate deposits in the soils, and from 
many springs in the area. 

Measures are being considered to restore a 
few of these lakes. Studies have been 
performed to better define sources of 
nutrients and the other water quality problems 
in Lake Lowell . No restoration program has 
been initiated, however. The wastewater from 
the Simplot Plant at Pocatello and summer 
discharges from the Pocatello sewage 
treatment plant have been removed from the 
Portneuf River, which flows into the American 
Falls Reservoir. This, plus the eventual 
application of best management practices to 
agriculture, should reduce this reservoir's 
problems considerably. 
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Figure 40. 
The Recreational Impairment and Trophic 
Status of the Principal Recreational Lakes 
in Idaho 

SURFACE 
AREA 

NAME (ACRES) 

Brownlee Res. 15,000 

American Falls Res. 56,000 

Wilson Lake 600 
Lake Walcott 12,000 

Portneuf Res. 1,500 
Williams Lk.lLemhi Co. 200 

Crane Creek Res. 1,000 
Lake Lowell 9,600 

Lower Granite Res. 8,900 
Oxbow Res. 1,500 

Hell's Canyon Res. 2,500 
Paddock Valley Res. 1,000 

Fernan Lake 300 
Chatcolet Lake 600 

Cascade Res. 30,000 
Henry's Lake 2,500 

Island Park Res. 7,000 
Magic Res. 1,800 

Twin Lakes/Kootenai Co. 850 
Cocolalla Lake 800 

Salmon Falls Cr. Res. 1,500 
Lower Goose Cr. Res. 1,000 

Fish Cr. Res . 250 
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Palisades Res. 16,000 
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Upper Priest Lake 5,000 
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Alaska Lake Water Quality 
Little is known about most Alaska lakes. 
Several of the more readily accessible lakes 
near Anchorage are exhibiting signs of 
advancing eutrophication and recreational use 
impairment as shown in Figure 41 . 

Recently the state studied certain lakes in the 
Palmer-Wasilla area, a fertile farming region 
near Anchorage which is experiencing rapid 
residential development. The population has 
grown by 15 to 20 percent a year over the past 
3 years. The Alaska Department of Fish and 
Game has found 36 of "over 100 lakes with low 
dissolved oxygen in the winter, although the 
cause is unknown. For many lakes, it may be 
a natural condition ; however, human activities 
may be a contributing factor. 

The trophic conditions of four lakes near 
Wasilla (Lucille, Wasilla, Cottonwood, and 
Finger) were studied more intensely. All are 
heavily used for recreation, and the public has 
expressed some concern about water quality. 
Of the four, Lucille is the most shallow, with a 
mean depth of 1.7 meters, and also the most 
eutrophic. In winter dissolved oxygen levels 
drop to almost zero, and the lake has a history 
of fish kills. There is considerable algae 
growth in the summer, though not yet to the 
extent that it interferes with boating. The lake 
is not used much for swimming since it is so 
shallow. The other three lakes are deeper and 
are only moderately eutrophic, with some 
algae growth in isolated portions of the lakes. 

Alaska is becoming involved in the Clean 
Lakes Program and other problem lakes are 
being identified. 

Figure 41. 
The Recreational Impairment and Trophic 
Status of the Principal Recreational Lakes 
in Alaska 

SURFACE 
AREA TOTAL TROPHIC 

NAME (ACRES) SWIM FISH BOAT AESTH. RATING STATUS CAUSE OF PROBLEM 

Lucille 

Campbell 
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Iliamna 
Minchumina 
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Schrader 
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250 
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14,720 
14,720 

74,880 
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Marine Water Quality 

Coastal and estuarine waters contribute 
greatly to the commercial and recreational 
assets of the Northwest. While the majority of 
these waters are relatively free of pollution, 
there is some generally localized 
contamination from municipal sewage 
discharge and from agricultural a'nd logging 
operations carried to estuaries by some rivers. 

How Marine Water Quality is 
Determined 
Since sampling and analysis of marine water 
is complex and expensive, the amount of 
available data is limited, and a marine water 
index has not been devised. The quality of 
certain saltwater areas, however, can be 
inferred from the condition of shellfish. 
Shellfish concentrate disease-causing 
bacteria, viruses, toxic chemicals, and other 
contaminants from the water in which they 
live. Consequently, shellfish indicate the 
degree of pollution in marine waters and 
provide an indirect way of assessing the 
success of pollution control efforts. 

In this report, marine water quality 
determinations are based upon criteria 
designed for human consumption of shellfish, 
which are established by the U.S. Food and 
Drug Administration for the National Shellfish 
Sanitation Program. Waters that are free from 
fecal contamination (bacteria from sewage) , 
industrial wastes, radioactive elements, and 
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biotoxins (certain naturally produced poisons) 
are classified as "approved for commercial 
shellfish harvesting." "Conditionally approved" 
waters may be closed when seasonal 
increases in population, freshwater runoff 
containing contaminants at certain times of 
the year, or temporary malfunctioning of 
wastewater treatment plants result in failure to 
meet the criteria. Waters found to be 
contaminated or suspected of being 
contaminated, which would produce shellfish 
unsafe for human consumption, are classified 
as "closed ." 

The Regional Overview 
A total of 349,000 acres has been classified as 
commercial shellfish growing area in Region 
10 (see Figure 42) . This represents 
approximately 2 percent of the classified 
growing waters in the Nation. Of the regional 
growing area, 72 percent is classified as 
approved, 9 percent conditionally approved, 
and 19 percent closed. Regionally, 
Washington contains the largest percentage 
of the total classified area (65 percent or 
228,900 acres), followed by Alaska (27 percent 
or 92,400 acres) , and Oregon (8 percent or 
28,100 acres) . 

Information on the quality of many marine 
waters used for swimming and recreational 
shellfish harvesting is quite limited. Until more 

Figure 42. 
Status of Classified Shellfish Growing Areas 
in Region 10 

Washington ,.....;;";,,i;,~~_ 

Alaska 

is obtained, it is generally not recommended 
that these pursuits be undertaken near 
sewage treatment plant discharges, in areas 
subject to septic tank drainage, or in areas 
known to receive agricultural , livestock, or 
industrial wastes. When in doubt about the 
status of a swimming beach or "sports" 
shellfish area, individuals should contact their 
county or state health agency for current 
information about the quality of the waters in 
question. 

Oregon ~~ __ ~ ______ ~ ______ 4-____ ~ ______ ~ 

• APPROVED FOR COMMERCIAL SHELLFISH HARVESTING 

RESTRICTED - DEPURATION ONLY 

O CONDITIONALLY APPROVED FOR COMMERCIAL 
SHELLFISH HARVESTING 

CLOSED TO COMMERCIAL SHELLFISH HARVESTING 

Regional Summary: 
Percentage of the Region's 
active shellfish areas that are 
open for harvesting. 
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Oregon's Marine Waters 
Of the 28,100 acres of classified commercial 
shellfish growing waters in Oregon, about 25 
percent are currently approved for 
commercial harvesting and 25 percent are 
conditionally approved, depending on specific 
conditions that are monitored throughout the 
year. Ten percent have recently been 
reclassified from closed to "restricted- for 
depuration only" (see below) . The remaining 
40 percent are classified as closed and cannot 
be used to produce shellfish for human 
consumption . Figure 43 shows the location of 
the classified waters in Oregon. 

Figure 44 indicates that almost one-third of 
Coos Bay is closed to commercial shellfishing 
because of bacterial pollution from sewage 

Figure 44. 
Status of Classified Shellfish Growing 
Areas in Oregon 

treatment plant discharges, although the 
South Slough of Coos Bay is approved for 
commercial shellfish harvesting . The state has 
recently reclassified the inner portions of 
Coos Bay from closed to "restricted- for 
depuration only." (Depuration is a process 
shellfish can be subjected to which reduces 
bacterial contamination to acceptable levels 
by utilizing their natural purification abilities.) 
Commercially grown shellfish from this area 
must be so treated before they are harvested 
for sale to the public. 

Potential treatment plant failures as well as a 
number of non-point sources of fecal 
pollution have made it necessary to close or 
only conditionally approve Tillamook Bay for 
shel lfish harvest. Areas of Yaquina Bay are 
either closed or conditionally approved due to 
non-point source and industrial pollution 
problems. The Nehalem River also has 
problems related to non-point source 
pollution and increasing population density. 
Netarts Bay, although not a major commercial 
shellfish growing area, is considered to have 
good water quality suitable for oyster culture. 

Several measures are being taken to restore 
Oregon's marine waters for shellfish harvest. 
Sewage treatment improvements planned for 
the cities of Coos Bay and North Bend should 
reduce bacterial pollution in Coos Bay. The 
City of Tillamook is constructing a new 
sewage treatment plant, and an EPA-funded 
project is underway to identify non-point 
sources of pollution around Tillamook Bay, 
after which a pollution control plan will be 
prepared. 

THOUSANDS OF ACRES 

2.0 4.0 6.0 8.0 
~--~~--~r-~~r-----

10.0 12.0 

Coos Bay t:===:::t:===:;::+=====+====~~ 
Tillamook Bay '-_ _ :..--+ ___ 1-+-___ -+ ____ '1----' 

Yaquina Bay 1-___ ...1-1-___ -' 

Netarts Bay 

Nehalem River 

Figure 43. 
Water Quality Map of Oregon's Commercial 
Shellfish Growing Areas 
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TILLAMOOK BAY 

APPROVED FOR COMMERCIAL SHELLFISH HARVESTING 

RESTRICTED - DEPURATION ONLY 

CONDITIONALLY APPROVED FOR COMMERCIAL 
SHELLFISH HARVESTING 

CLOSED TO COMMERCIAL SHELLFISH HARVESTING 

o UNCLASSIFIED AREAS 
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Washington's Marine Waters 
Of the 228,900 acres of classified commercial 
shellfish growing waters in Washington , about 
68 percent are currently approved for 
commercial harvesting and 11 percent are 
cond!t!onally approved, depending on specific 
conditions that are monitored throughout the 
year. The remaining 21 percent are closed 
and cannot be used to produce shellfish for 
human consumption. Figure 45 shows the 
location of classified waters in Washington. 

The extent of closures in the various 
commercial shellfish areas is shown in Figure 
46. The approved areas include most of 
Willapa Bay, northern and southern Puget 
Sound, the Strait of Juan de Fuca, and all of 

Figure 46. 

Hood Canal and the Pacific Ocean beaches. 
Central Puget Sound is mostly closed, due to 
potential pollution arising from the urban
industrial areas of Seattle, Tacoma, and 
B.remerton. Municipal sewage treatment plant 
discharges and septic tank problems also 
~ontribute to closures. In Burley Lagoon, for 
Instance, 135 acres of oyster-growing area 
were closed when the lagoon was polluted 
with fecal material from domestic septic tanks 
and nearby pastures. Industrial waste 
discharges along the Tacoma waterfront have 
occaSionally degraded water quality and 
caused fish kills. 

On occasion, harvesting has had to be 
restricted in northern and central Puget 
Soun? because of increased levels of paralytic 
shellfish poison. This is a naturally occurring 
substance commonly known as "red tide." 
Some water quality improvements have been 
noted in Everett and Bellingham due to 
reduced effluents from the pulp mills in the 
area, but additional improvements are needed. 

Less than half of the available shellfish 
growing area of Grays Harbor is approved for 
use. Major point source contributors are pulp 
mills and inadequate sewage treatment, 
although improved waste treatment programs 
have reduced their contributions. Agricultural 
activities, coupled with seasonal fluctuations 
in freshwater runoff also contribute to water 
quality problems. In Willapa Bay, discharges 
from municipal sewage treatment plants in the 
vicinity of South Bend and Raymond are 

Status of Classified Shellfish Areas 
In Washington 

THOUSAND OF ACRES 
20 

Willapa Bay 

Grays Harbor ,.... ....... - "'--4---
Northern Puget Sound ...... ---

& Strait of Juan de Fuca .......... """'-

Central Puget Sound Jiiiiilliiil ...... ..l. 

Southern Puget Sounq 
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Hood Canal 

Pacific Beaches 

Figure 45. 
Water Quality Map of Washington's 
Classified Commercial Shellfish 
Growing Areas 

• 
APPROVED FOR COMMERCIAL SHELLFISH 
HARVESTING 

D CONDITIONALLY APPROVED FOR COMMERCIAL 
SHELLFISH HARVESTING 
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primarily responsible for the closure of a small 
part of the bay to oyster harvesting. 

Because of wastewater treatment programs, 
marine water quality in Washington has 
improved in recent years. For example, 
improved water treatment programs at Grays 
Harbor pulp mills have reduced the 
contribution of these sources and should 
reduce them further in the future. However, 
further reductions in contamination from 
sewage treatment plants and industrial 
discharges will be required to restore those 
waters conditionally approved or closed to 
shellfish harvesting. At the same time, care 
must be taken to maintain high quality areas. 
The Pierce County Commissioners have 
passed a resolution establishing Burley 
Lagoon and three other shellfish growing 
areas in Pierce County as "environmentally 
sensitive" areas. Population growth along 
Hood Canal, for instance, could create 
problems in the future. 

Alaska's Marine Waters 
Of the 92,400 acres of commercial shellfish 
growing area that have been classified in 
Alaska (see Figure 47), all are open to the 
harvest of shellfish (razor clams only) . The 
remaining areas are unclassified because they 
have not been surveyed or monitored for the 
presence of paralytic shellfish poison. Alaska's 
33,904-mile shoreline encompasses vast 
amounts of estuarine and freshwater wetlands 
that provide important habitat for aquatic 
species. EPA and the State of Alaska are 
taking an active role in regulating dredging, 
filling , and draining, and other activites that 
reduce wetland habitat. 

Although no Alaskan coastal waters are 
closed to shellfish harvesting, the state has a 
potential problem with chronic, low-level oil 
pollution in certain areas, such as upper Cook 
Inlet and Port Valdez. This oil comes from 
such sources as urban runoff, ballast 
discharges, and disposal of "formation water" 
(wastewater from oil production platforms and 
onshore wells discharging into coastal 
waters). Oil terminal facilities, tanker traffic, 
and petroleum production also generate 
potentials for large oil spills. In 1976, the 
Alaska State Legislature enacted legislation 
which includes a comprehensive oil spill 
prevention program. Timely implementation 

of this program, together with the 
contingency plan which has recently been 
developed to deal with oil spills, will help the 
state address problems associated with 
petroleum industries. 

Alaska Lumber and Pulp Company and 
Louisiana-Pacific have submitted water quality 
data to the state that reveal depressed 
dissolved oxygen and pH levels and some 
high sulfite waste liquor concentrations in 
Silver Bay near Sitka and Ward Cove near 
Ketchikan, where the two plants are located. 
Seafood processing also contributes 
significant levels of nutrients to marine waters. 
EPA and the State of Alaska recently 

conducted studies at Petersburg, Juneau, 
Ketchikan, Akutan, Cordova, and Dutch 

Figure 47. 
Status of Classified Shellfish Growing 
Areas in Alaska 

Harbor to determine the environmental impact 
of seafood processors' waste disposal 
practices. In Dutch Harbor, these wastes 
covered the bottom more rapidly than they 
could be dissipated, resulting in areas of 
oxygen depletion and hydrogen sulfide gas 
production. Processors operating at other 
locations do not seem to be causing 
persistent pollution problems. 

Most seafood processors and pulp mills are 
presently increasing their treatment levels. As 
additional industrial treatment needs are met. 
water quality in localized areas should 
improve. In other areas, however, increasing 
environmental pressures will be experienced 
due to the expanding commercial fishing 
industry. 
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Cordova Sector I 
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Polly Creek 
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Drinking Water Quality 

The drinking water supplied to most residents 
of the Pacific Northwest and Alaska is 
considered safe; however, waterborne disease 
outbreaks occasionally occur. In April 1980, 
over 200 persons in a Washington community 
became ill from a waterborne disease 
(suspected to be giardiasis), and during the 
fall of 1979, 4 communities in Oregon 
experienced waterborne outbreaks of 
giardiasis and gastroenteritis affecting over 
150 persons. In addition to acute problems 
such as giardiasis, long-term or chronic 
disease may result from ingesting water 
containing certain inorganic or organiC 
chemica ls, as well as radioactive materials. 
Few water systems, however, are expected to 
exceed chemical or radiochemical standards; 
therefore few, if any, cases of chronic 
diseases are expected. 

Public Water System Program 
The Safe Drinking Water Act, passed in 1974, 
gave EPA primary responsibility for 
establishing drinking water standards and 
assuring national program consistency, but 
intended that the states implement programs 
ensuring public water systems' compliance 
with standards. 

In Region 10, Alaska, Idaho, and Washington 
have assumed primary responsibility for 

, working with public water systems to 
implement drinking water standards. Oregon 
has chosen not to assume primary 
responsibility . Consequently, since July 1977, 
EPA has worked directly with Oregon's public 
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Figure 48. 
a. Regional Summary Based on Percentage 
of Community Water Systems 

b. Regional Summary Based on Population 
Served by Community Water Systems 

Figure 49. 
Compliance with EPA Drinking Water 
Standards 

a. Community Water Systems 
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Oregon 
Washington 
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water systems to implement the provisions of 
the Safe Drinking Water Act. More recently, 
EPA and the Oregon State Health Division 
(OSHD) joined forces to take advantage of an 
existing working relationship whereby OSHD 
agreed to cover the drinking water program at 
facilities for which it issues food services or 
similar licenses. Thus both EPA and OSHD 
work with public water systems. Emphasis has 
been placed on voluntary compliance with the 
National Interim Primary Drinking Water 
Regulations, but when voluntary eHorts fail , 
EPA has been pursuing more formal 
enforcement procedures. 

The national drinking water standards address 
finished water quality characteristics, as 
measured in periodic tests. EPA recognizes 
that these are minimum standards and are not 
adequate in themselves to protect public 
health . Therefore, EPA encourages states to 
implement comprehensive programs that go 
beyond just addressing finished water quality. 

The primary means to assure safe drinking 
water is for public water systems to have 
properly operated, well-maintained, adequate 
facilities. A major part of a state's program, 
therefore, is evaluation of facility design and 
inspection of water systems to determine 
facility deficiencies which may present health 
hazards. Two Region 10 states, Alaska and 
Washington, have state funding programs that 
provide financial assistance to municipally 
owned water systems for facility 
improvements. To ensure proper operation 
and maintenance, Alaska and Washington 
also have mandatory operator certification 
programs. Idaho and Oregon have voluntary 
certification programs. All four states, to 
varying degrees, sponsor or assist in operator 
training activities. Also, to help ensure proper 
water system operation and maintenance in 
Washington , the state is implementing a 
satellite support system program whereby 
operation of small systems is provided by a 
highly qualified regional support organization. 

Fiscal year 1979 represented the second full 
year of implementation of the national 
drinking water standards. The bacteriological 
data from FY79 are presented in Figures 48 
and 49. While a significant percentage (50%) 
of Region 10's 4,800 community water 
systems are not yet conducting adequate 
bacteriological water quality monitoring, the 

total population served by these systems is 
relatively small (16%), indicating that these 
systems serve predominantly small numbers 
of people. 

Seventeen percent of the Region's water 
systems, which serve approximately 16 
percent of the population , experienced either 
major or minor bacteriological standard 
violations during FY79. While many causes of 
these violations have been corrected, the 
number of standards violations actually noted 
may increase over the next few years as more 
systems conduct required monitoring. 

Chemical monitoring data are not yet 
available for many of Region 10's public water 
systems; however, information presently 
available indicates that very few systems will 
fail to meet chemical standards. Public water 
systems using surface water sources are also 
required to monitor for turbidity. Current data 
indicate that many systems will be unable to 
continuously comply with the turbidity 
standard. These systems will require 
development of a ground water source, 
installation of filtration for the surface water 
source, or interconnection with a system 
presently meeting standards for safe drinking 
water. 

Ground Water Protection 
The Safe Drinking Water Act also established 
a program to protect underground sources of 
drinking water (ground water) . EPA's role is to 
develop national Underground Injection 
Control (UIC) regulations, provide oversight, 
and ensure national program consistency. 
Congress intended for the states to implement 
the UIC Program and that EPA would list, 
over a period of time, the states needing the 
program. Washington and Oregon were listed 
in June 1979. Idaho, although not initially 
listed, petitioned on July 30, 1979, to be 
included in the in itial UIC listing . Alaska was 
listed in March 1980. 

The UIC Program in Region 10 was initiated 
by the awarding of EPA grants to Idaho and 
Washington during December 1979. Alaska 
and Oregon have chosen not to participate. 
Idaho and Washington are using their 
developmental grant funds to collect 
background data on aquifers, inventory 
injection wells, and evaluate the adequacy of 
state laws and regulations for primary 

surveillance and enforcement authority. EPA, 
in conjunction with the U.S. Geological 
Survey and Oregon State University, is 
collecting background information for EPA 
implementation of a UIC Program in Oregon. 
For the State of Alaska, EPA has a similar 
agreement with the University of Alaska. EPA 
will also be responsible for UIC activities on 
Indian lands throughout the Region . The UIC 
Program will provide additional protection for 
the Region's ground water resources from the 
practices of well injection of fluids. 

The Region 's surface impoundment 
assessment (pits, ponds, and lagoons) has 
been completed . Approximately 1,200 si tes, 
accounting for over 2,500 individual 
impoundments, were inventoried . While the 
study indicates there is a high potential for the 
impoundments to contaminate ground water, 
to date few actual cases of ground water 
contamination have been documented. 

"Sole source aquifer designation" is another 
feature of the national ground water 
protection program. In 1979, the Region 
entered into its first full year of implementing 
protective activities within the Spokane Valley
Rathdrum Prairie Aquifer. This aquifer, first 
designated a sole source aquifer in 1978, 
provides drinking water for about 40,000 
Idaho residents and 300,000 Washington 
residents in the Coeur d'Alene and Spokane 
areas. The designation prohibits any Federal 
agency from financially assisting any project 
which EPA determines may contaminate this 
important aquifer. 
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Noise 

Only during the past few years has noise been 
recognized as a major environmental issue. In 
Region 10, noise is not a major problem as 
compared to other highly urbanized areas. 
Noise control throughout Region 10 is being 
addressed by state and local agencies, with 
the assistance of EPA, through studies, 
establishment of standards, rules, and 
regulations. The problem is not limited to 
acute situations such as occupational noise 
that causes hearing loss, but also includes 
chronic community noise, which affects us 
physically and mentally by causing 
nervousness, tension, and loss of sleep. 
Transportation noise dominates the 
problem-airplanes, trucks, passenger 
vehicles, motorcycles, motorboats, and 
snowmobiles are all contributors. 

The Federal Noise Control Act of 1972 
authorizes EPA to set noise standards for 
cars, trucks, interstate railroads, aircraft, etc. 
However, primary responsibility for control of 
noise rests with state and local governments. 
EPA has assisted Oregon and Washington in 
developing noise regulations, has helped 
Anchorage, Seattle, and Portland develop 
noise control ordinances, and has assisted 
with monitoring of noise levels from railroad 
locomotives, ferries, and auto and motorcycle 
racetracks. 

, No state agency has statutory responsibility 
for noise control in Alaska, and few local 
governments have noise abatement 
ordinances. In December 1978, the City of 
Anchorage adopted a comprehensive noise 
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control ordinance covering land use and 
motor vehicle noise. Law enforcement 
personnel are trained to enforce the motor 
vehicle standards. Fairbanks is being assisted 
through an EPA grant and the University of 
Washington Regional Noise Technical 
Assistance Center, to conduct a physical 
noise survey that will identify major noise 
sources. 

Idaho has no state noise control program for 
stationary or motor vehicle noise sources that 
is actively enforced. The Lewiston City 
Council recently directed the Mayor to 
appoint a citizens' committee to study noise 
control and they expect a proposed 
comprehensive noise ordinance by November 
1980. Other than the current efforts in 
Lewiston, the only local ordinances that exist 
deal with nUisance-type noises. 

Oregon's Department of Environmental 
Quality (DEQ) has developed and enforced 
noise control rules since 1974. Rules setting 
noise emission limits for new motor vehicles, 
including cars, trucks, buses, motorcycles, 
snowmobiles, and motorboats, require 
manufacturers and Oregon dealers to meet 
applicable rules and standards. In-use 
operational standards have been established 
for motor vehicles to ensure noise control 
equipment has neither deteriorated nor been 
mOdified to Significantly increase noise 
emissions. Such in-use motor vehicle 
standards are being implemented by 
appropriate enforcement jurisdictions 
throughout the state. Through ambient noise 

standards, residential and other noise 
sensitive property is protected from excessive 
noise emissions by industrial and commercial 
activities. These standards are primarily 
enforced upon verification of a citizen 
complaint. New industrial and commercial 
sources are subject to ambient limits as well 
as nondegradation standards. Airport noise is 
controlled under rules that require airport 
proprietors to develop an airport noise 
abatement program, with land use controls as 
well as airport operational controls. Presently, 
over 40 technical staff people on a part-time 
basis are trained and involved in the 
implementation of the DEQ noise control 
program. 

In addition, DEQ is assisting in development 
and implementation of city and county noise 
control programs. Often noise is a local 
problem needing local resolution; therefore, 
DEQ is providing the technical assistance 
needed by communities to identify their noise 
sources and develop a control program. 
Once established, the local program becomes 
self-sustaining with assistance from DEQ as 
needed. 

Already two Oregon cities, Portland and 
Eugene, are actively enforcing noise control 
ordinances. Portland's noise control staff 
responds to complaints and enforces sound 
level standards for environmental land use 
and nuisance noises. In Eugene, a police 
officer team enforces motor vehicle noise 
standards. 

The Washington Noise Control Act of 1974 
gave the Washington State Department of 
Ecology (DOE) authority to establish 
standards for stationary noise sources, such 
as commerce and industry, as well as for 
motor vehicles and watercraft. DOE is 
authorized to enforce standards related to 
land use, while the State Patrol and local law 
enforcement agencies enforce standards for 
motor vehicles. DOE is aSSisting the 
development and implementation of city and 
county noise control programs. Again, noise 
is often a local problem needing local 
resolution; therefore, DOE is providing the 
technical assistance needed by communities 
to identify their noise sources and develop a 
control program. Once established, the local 
program becomes self-sustaining with 
assistance from DOE as needed. 
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FOREWORD 

This manual provides industrial facilities with comprehensive guidance on the development of 
storm water pollution prevention plans and identification of appropriate Best Management 

--' Practices (BMPs). It provides technical assistance and support to all facilities subject to 
pollution prevention requirements established under National Pollutant Discharge Elimination 
System (NPDES) permits for storm water point source discharges. 

EPA's storm water program significantly expands the scope and application of the existing 
NPDES permit system· for municipal and industrial process wqstewater' discharges. It 
emphasizes pollution prevention and reflects a heavy reliance on BMPs to reduce pollutant 
loadings and improve water quality. This manual provides essential guidance in both of these 
areas. 

T,his document was issued in support of EPA regula'tions and pOlicY,initiatives involving the 
development a,nd implementatipn of a National ,storm. water, program. This document is 
Agency guidance only. It does not ,establish or affect legal rights or obligations. Agency 
decisions in any particular case will be made applying the laws and regulations' on' the basis 
of specific facts when permits are issued .or regulations pr<?mulgated. 

This document will be revised and expanoed periodically to, reflect additional pollution 
prevention information and data on treatment effectiveness of BMPs. Comments from users 
will be welcomed. Send comments'to U.S. EPA, Office of Wastewater Enforcement ,and 
Complian~~, 401, M Street, SW, Mail Code EN-336, Washington, DC 20460. 
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CHAPTER 

1 
'INTRODUCTION 

, , 
Storm water runoff is part of a natural hydrologic process. However, human activities, particularly 
~urbanization, can alter natural drainage patterns and add pollutants to therainwater and snowmelt 
that runs off th~ earth's surface and enters our Nation's rivers, lakes, streams, and coastal waters. 
A number of recent stu'dies by the U.S. Environmental Protection Agency (EPA), State water 
pollution control authorities, and various universities have shown that storm water runoff is a major 
source of water pollution, declines in fisheries, restrictions on swimming, and these conditions limit 
our ability to enjoy many of the other benefits that the Nation's waters provide. 

In response to this problem, the States and many municipalities have been taking the initiative to 
manage storm water more effectively. In acknowledgement of the importance of the storm water 
problem, the Congress has directed EPA to undertake a wide range of activities, including providing 
technical and financial assistance to States and other jurisdictions to help them improve their storm 
water 'management programs. In addition, through recent amendments to the Clean Water Act,the 
Congress has instructed EPA to develop a regulatory program for certain high priority storm water 
sources. 

In carrying out its responsibilities, EPA is committed to promoting the concept and the practice of 
preventing pollution at the source, before it can cause environmental problems costing the public 
and private sector in terms of lost resources and the funding it takes to remediate or correct 
environmental 'damage. . ' 

1.1 PURPOSE OF THIS GUIDANCE MANUAL 

This manual provides general guidance on developing and implementing a Storm Water Pollution 
PreventiOn Plan for industrial facilities. Owners and operators of industrial facilities will find that 
putting together a Storm Water Pollution Prevention Plan is a straightforward process ,that can be 
accornplist)ed by facility managers and employees. 

EPA is publishing this manual for several reasons. The primary purpose of this-manual is to provide 
guidance for industrial facilities that are subject to requirements under EPA's General Permits for 
storm water discharges ,associated with industrial activity. Facilities located in the 12 nondelegated 
States or 6Territories are subject to these requirements (see Section 1.6 for a list ofSt!'ltes and 
Territories subject to EPA General Permit requirements). EPA anticipates that most storm water 
discharge permits issued under the Storm Water Program will require a pollution prevention plan.
Throughout this manual, specific EPA General Permit pollution prevention requirements are given in ' 
the shaded boxes as seen below. Although the requirements for a Storm Water Pollution 
Prevention Plan may vary from one permit to another, and from State to State, EPA expects that 
most of the general concepts described in this manual are common to 'all plan requirements. Please 
also note that, although this manual presents EPA General Permit'reQuirements that apply to ' 
facilities located in nondelegated States'~rid, Territories, some of, the non delegated States required 
modifications or additions to the pollution prevention plan requirements to ensure that the permit 
complies with State laws and standards. Therefore, it is important that all facilities located in 
delegated States, as well as nondelegated States, read their permits to determine whetner there are 
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any special conditions. This manual is not intended in any way to substitute for binding legal 
requirements pursuant to National Pollutant Discharge Elimination System (NPDES) permits. 

In addition to providing guidance for facilities that are subject to storm water permit requirements, 
this manual contains information that is generally useful for controlling storm water pollution from 
almost any type of developed site. EPA hopes this manual.is widely used in furthering the 
prevention of pollution at its sources and the adoption of management practices that help us 
protect the overall quality of the environment. 

EPA is also issuing a guidance manual on Best Management Practices (BMPs) for construction 
activities. If you are subject to requirements under the general permit for storm .water discharges 
associated with construction activities, that manual is designed to help you comply with those 
somewhat different requirements. 

1.2 ORGANIZATION OF THIS GUIDANCE MANUAL 

This manual is presented as a user's guide to Storm Water Pollution Prevention Plan requirements. 
Step-by-step guidelines and accompanying worksheets will walk you through the process of 
developing and implementing a Storm Water Pollution Prevention Plan. This approach allows you 
to complete this process in the simplest and most efficient way. The worksheets are designed to 
help you organize the required information. The re~ainder of this manual is divided into three 
sections: Chapter 2 provides information on how to develop a plan; Chapter 3 serves as a resource 
for selecting activity-specific Best Management Practices (BMPs); and Chapter 4 discusses site- . 
specific BMPs. As you complete each section, you will move through each of the following steps 
and end up with a fully developed Storm Water Pollution Prevention Plan. Each step is important 
and should be completed before moving on to the next step. The five major phases involved in 
developing and implementing your plan are as follows: . 
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Chapter 2 provides step-by-step guidance for completing each of these phases. The Organization 
Phase starts the process by helping you to get organized and by identifying who is going to develop 
and implement .the plan and by identifying site-specific pollution prevention objectives. The 
Assessment Phase involves gathering information about your site and identifying potential sources 
of storm water pollution. Using the information collected during the Assessment Phase, you can. 
begin to design the storm water ,management program that best.suits your site. During the BMP 
·Identification Phase, you will evaluate the required baseline BMPs and select other preventive 
measures. The fourth stage of the Storm Water Pollution Prevention Planning process is the 
Implementation Phase, during which you put the plan·into action. The final step, the Evaluation 
Phase, allows you to determine if your plan is actually accomplishing your' pollution prevention 
objectives. Periodic reviews, inspections, and evaluations will allow you to keep the plan effective 
and up-to-date. 

In Chapter 3, which details activity-specific BMPs, you will find a number of measures you can .use 
to prevent or reduce the contamination of storm water caused by speCific industrial activities. 
Chapter 4 describes site-specific BMPs. From the list of site-specific BMPs, you can select 
prevention and control measures that are most appropriate for the physical characteristics of your 
facility. A combin~tion of these types of BMPs may be most appropriate for your site. . 

In addition, there are several appendices located at the end ofthis manual. Appendix A lists the 
references used to develop this manual. Appendix B includes a glossary of terms. Appendix C 
provides a model of what a pollution prevention plan might 10Qk like for a small industry. Appendix 
D provides State and Federal sto'rm water and pollution prevention .contacts and additional 
information on pollution prevention. Appendix E provides technical and design fact sheets for some 
of the storm water BMPs described in Chapter 4. Appendix F describes tests for non-storm water' 
discharges. Appendix G compares Storm Water Pollution Prevention Plan requirements with plan 
requirements under other environmental programs. Appendix H is a list of reportable quantities for 
hazardous substances under 40 CFR Parts 117 and. 302. Appendix I is the list of water priority 
chemicals under Emergency Planning and Community Right-to-Know Act (EPCRA), Section 313. 
Appendix Jincludes a table of the monitoring requirements that are contained in EPA's General 
Permits. . . 

1.3 SCOPE OF THIS MANUAL 

This manual provides useful information on many pollution prevention and best management 
practices which you can use to prevent or reduce the discharge of se~iment and other pollutants in . 

. storm water runoff from your site. This manual describes the practices and controls, tells how, 
when, and' where to use them, and how to maintain them. Howev~r, the effectiveness of these 
controls lies fully in your hands. Although specific recommendations will be offered in the 
following chapters, keep in mind that careful ~onsideration must be given to selecting the most 
appropriate control measures based on site-specific features, and on properly installing the controls 
in a timely .manner. Finally, although this manual provides guidelines for maintenance, it is up to 
you to make sure that your controls are carefully maintained .or they will prove to be ineffective. 

This manual describes the EPA General Permit requirements for pollution prevention plans. ' 
However, requirements may vary from permit to permit. You should read your permit to determine 
the required components of your pollution prevention plan. Although this manual describes 
"typical" permit requirements, do not assume that the typical permit requirements described in this 
manual are the same as your permit requirements even if you are included under an NPDES general 
permit for storm water discharges associated with industrial activities. Permit conditions may vary 
between different permits andlor different versions of the permit. 

EPA has issued a number of regulations addressing pollution control practices for different 
environmental media (i.e., land, water, air, and ground water). However, this manual focuses on 
identifying pollution prevention measures and BMPs specifically for industrial storm water 
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discharges and provides guidance to industrial facilities on how to comply with storm' water 
permits. . . 

Although Storm Water Pollution Prevention Plans primarily focus on storm water, it is important to 
consider the impacts of selected storm water management measures on other environmental media 
(i.e., land, air, and ground water): For example, if the water table is unusually high in your area, a 
retention pond for contaminated storm water may also lead to contamination of a ground water 
source unless special preventive measures are taken. Permittees must take these issues into 
consideration in selecting appropriate pollution prevention measures and should make certain that 
adoption of storm water measures is consistent with other Federal, State, and local environmental 
laws. For instance, under EPA's July 1991 Ground Water Protection Strategy, States are 
encouraged to develop Comprehensive State Ground Wa,ter Protection Programs. Your facility's' 
efforts to control storm water should be compatible with the ground water protection objectives 
reflected in your State's program. . 

1.4 DEFINITIONS 

As you use this manual to select pollution prevention approaches, you will see two key phrases 
used frequently: "pollution prevention plan" and "best management practice." A solid 
understanding of these terms is very important in meeting the goals of storm water management 
discussed above. ., 

I Pollution Prevention Plan 

The first term of importance is ·storm water pollution prevention plan.· As mentioned in Section 
1 .1, this manual is designed to help you to prepare and implement a Storm Water Pollution 
Prevention Plan. As you will learn in Chapter 2, Storm Water Pollution Prevention Plans consist of 
a series of steps and activities to, first, identify sources of pollution or contamination on your site, 
and, second, select and carry out actions which prevent or control the pollution of storm water 
discharges. 

I Best Management Practice 

The other concept used throughout this manual is "Best Management Practice" or BMP. BMPs are 
measures or practices used to reduce the amount of pollution entering surface water, air, land, or 
ground waters. BMPs may take the form of a process, activity, or physical structure. Some BMPs 
are simple and can be put into place immediately, while others are more complicated and require 
extensive planning or space. They may be inexpensive or costly to implement. Although BMPs are 
used in many environmental programs, the BMPs presented in this manual are specifically designed 
to reduce or eliminate pollutants' in storm water discharges. Chapter 2 describes the baseline BMP 
requirements of EPA's General Permit for storm water discharges associated with industrial activity. 
Chapters 3 and 4 describe numerous specific BMPs that will help you comply with these 
requirements. 

1.5 GOALS OF STORM WATER MANAGEMENT 

Federal, State, and local storm water management programs have a common goal: 
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Meeting this'goal is a difficult challenge for many reasons. For example, the original sources of the 
pollutants transported in storm water can be diffuse or spread out over a wide area. So, small oil 
and grease spills at hundreds of different facilities within a single city can collectively represent a 
major pollution problem. In addition, the nature of storm water is such that the amount of 
pollutants that enter receiving waters will vary in accordance with the frequency, intensity and 
duration of rainfall and the nature of local drainage patterns. Considering the wide variety of types 
of industries in the United States and the wide range of materials and chemical compounds that are 

, used as part of different industrial activities, a site-specific pollution prevention plan tailored for 
each facility is considered the most effective, flexible, and economically practical approach to 
'achieve effective storm water management. 

The pollution prevention plan approach required by EPA gives facilities flexibility to establish a site
specific sto~m water management program to meet Best Available Technology/Best Control 
Technology (BAT/BCT) standards required by the Clean Water Act instead of imposing numerical 
discharge limitations. Yet, theBMP framework established by the pollution prevention plan 
requirements must be fully implemented to meet these standards. 

1.6 SUMMARY OF THE STORIVI WATER PROGRAM 

Storm water discharges have been increasingly identified as a significant source of water pollution 
in numerous nationwide studies on water. quality. To address this problem, the 'Clean Water Act 
Amendments of 1987 required EPA to publish regulations to control storm water discharges under 
NPDES. EPA published storm water regulations on November 16, 1990, which require certain 
dischargers of storm water to waters of the United States to apply for N,PDES permits. "Waters of 

, the United States" is generally defined as surface waters, including lakes, rivers, streams, 
wetlands, and coastal waters. NPDES storm water, discharge permits will allow the States and EPA 
to track and monitor sources of storm water pollution. According to the November 16, 1990~ final 
rule, facilities with a "storm water discharge associated with industrial activity" are required to 
apply for a storm water permit. EPA has defined this phrase in terms ·of 11 categoriesot' industrial 
activity that include: ,(1) facilities subject to storm water effluent limitations guidelines, new source' 
performance standards, or toxic pollutant effluent standards under 40 CFR Subchapter N; (2) 
~heavy" manufacturing facilities; (3) mining and oil and gas operations with "contaminated" storm ' 

, water discharges; (4) hazardous waste treatment, storage, or disposal facilities; (5) landfills, land 
application sites, and open dumps; (6) recycling facilities; (7) steam electric generating facilities; (8) 
transportation facilities, including airports; (9) sewage treatment plants; (10) construction 
operations disturbing 5 or more acres·; and (11) other industrial facilities where materials are 
exposed to storm water·. Operators of industrial. facilities that are Federally, State, or municipally 
owned or' operated that meet the above description must also submit applications. If you have 
questions about whether or not your facility needs to seek permit coverage, contact the EPA Storm 

, Water Hotline' at (703) 821-4a23. 

Storm water discharges associated with industrial activity that reach waters of the United States 
through Municipal Separate Storm Sewer Systems (MS4s). are also required to obtain NPDES storm 
water permit coverage. Discharges of storm water to a combined sewer system or toa Publicly 
Owned Treatment Works (POTW) are excluded. 

The storm water regulation presents three permit application options for storm water discharges 
associated with industrial activity. The first option is to submit an individual application consisting 
of Forms 1 and 2F. The second option is to participate in a group application. The third option is 
to file a Notice of Intent (NOn to be covered under a general permit in accordance with the . 

·On June 4, 1992, the United States Court of Appeals for the Ninth Circuit remanded' the 
exemptions for manufacturing facilities' which do not have materials or activities exposed to storm 
water and for construction sites of less than ii'va acres to the, EPA for further rulemaking: 
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requirements of an issued general permit. Regardless of the permit application option a facility 
selects, the resulting storm water discharge permit will most likely contain a requirement to develop 
and implement a Storm Water Pollution Prevention Plan. 

NPDES permits are issued by the State for States that have been delegated NPDES permitting 
authority or by EPA for States that have not been delegated NPDES permitting authority. 
Therefore, the specific EPA General Permit requirements discussed in this guidance manual apply 
only to facilities located in one of the 12 nondelegated States or Territories (Alaska; Arizona; Idaho; 
Louisiana; Maine; Massachusetts; New Hampshire; New Mexico; Oklahoma; South Dakota; Texas; 
the District of Columbia; Puerto Rico; Guam; American Samoa; Northern Mariana Islands; Trust 
Territory of the Pacific Islands; Indian lands in Alabama, California, Georgia, Kentucky,. Michigan, 
Minnesota, Mississippi, Montana, North Carolina, North Dakota, New York, Nevada, South 
Carolina, Tennessee, Utah, Wisconsin, Wyoming; Iqcated within Federal facilities or Indian landS in 
Colorado and Washington, and located within Federal facilities in Delawar~). EPA expects, 
however, that the Federal general permit will be used as a model by NPDES-authorized States, 
tailored to meet State-specific conditions. Even though storm water permit requirements will vary 
from State to State dependiQg on water quality concerns and permitting priorities for the permitting 
authority, EPA expects that most NPDES storm water discharge permits will contain Storm Water 
Pollution Prevention Plan requirements similar to the requirements presented in this manual. i 
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CHAPTER 

2 
STORM WATER POLLUTION PREVENTION PLAN 

Chapter 2 presents a step-by-step guide to help you develop a Storm Water Pollution Prevention 
Plan for your facility. "Figure 2.1 is a flowchart showilig each step involved in developing and 
implementing a successful plan. As shown in this flowchart, the steps have_ been grouped into five 

· general phases, which are: (1) planning and organization; (2) assessment; (3) BMP identification; 
(4) implementation; and (5) evaluation/monitoring. In addition, Storm Water Pollution Prevention 
Plans "also must addr~ss a number of general requirements, including -developing a schedule or 
deadlines for the accomplishment of tasks; and an identification of signature authority, where 

· required by Federal regulations. Some types of facilities will also have to meet other special 
· requirements. For example, special requirements apply to facilities that discharge through 
municipal separate storm water systems as well as those facilities that 'are subject to reporting 
req'uirements under EPCRA, Section 313 for water priority chemicals. . 

Figure 2.1 also" identifies a number of worksheets that can help walk you. through the planning 
process. These worksheets are located at the end of Chapter 2. You can pull them out, . 
photocopy them, and simply incorporate the completed forms in your plan. 

· The five planning phases, general requirements; and special requirements are discussed in turn in 
the remainder of this chapter. To help you follow along, a simplified version of the flowchart for 
-the. entire planning process is shown at the beginning of each section, with a highlighted box 
showing the particular phas~ that is being discussed. So, for example, you will find that the 
Planning and Organization Phase is highlighted on the flowchart at the top of page 2-3, signaling 

· the beginning of our detailed discus'sion of this first step. ' " 
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2.1 PLANNING AND ORGANIZATION WORKSHEET II 
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• Form Pollution Prevention Team 
• Review other plans 

2.2 ASSESSMENT PHASE 

• Develop a site map . 
• Inventory and describe exposed materials. 
• List significant spills and leaks 
• Test for non-storm water discharges 
• Evaluate monitoring data 
• ~ummarize pollutant sources and risks 

2.3 BMP IDENTIFICATION PHASE 

• Baseline BMPs 
• Select activity- and site-specific 

BMPs 

2.4 IMPLEMENTATION PHASE 

• "Implement BMPs 

• Train, employees 

2.5 EVALUATION/MONITORING' 

• Conduct annual site inspection/BMP evaluation 
• Conduct recordkeeping and reporting 
• Review and revise plan 
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................ 2 
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2.6 GENERAL REQUIREMENTS 2.7 SPECIAL REQUIREMENTS 

• Deadlines • Discharges through MS4s 

• Signature requirements • Salt storage piles 
• Plan location and public access • EPCRA, Section 313 Facilities 

• Required plan modification 

v"' ';x , 

FIGURE 2.1 STORM WATER POLLUTION PREVENTION PLAN FLOWCHART 
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2.1 PLANNING AND ORGANIZATION 
PHASE 

Before you start putting your Storm Water 
Pollution Prevention Plan together, there are two 
tasks to complete to make developing the plan 
easier. These steps are designed to help you 
organize your staff and, make, preliminary 
decisions: 

• Decide who will be responsible for 
developing and implementing your Storm 
Water Pollution Prevention Plan 

• Look at otherexistiog environmental facility 
plans for consistency and overlap. 

2.1.1 Who Will Develop and Implement Your Plan? 

i 

What is the Purpose of Designating an Individual or a Team? 

Designating a specific individual or team who will develop and implement your 'pollution preventio~ 
plan serves several purposes/ Naming the individual or team members makes it clear that part of 
that person's job is to prevent storm water pollution. Identifying a specific individual also provides' 
. a point of contact for those outside the facility who may need to discuss aspects of the facility's 
pollution prevention plan (i.e., regulatory officials, etc.). 

Where setting up a pollution prevention team is appropriate, it is important to identify the key 
people onsite who are most familiar with the facility and its operation$, and to provide adequate 
structure, and direction to the facility's entire storm water management program. TheIJoliution 
prevention team concept is flexible and should be molded to conform to the resources and specific' 
conditions of the facility. Specific activities of the pollution prevention team, the number of 
members, and their background and experience will vary for each. facility. ' , 

Effective organization of the pollution prevention team is important in order for the team to be able 
to accomplish the task of developing and implementing a comprehensive Storm Water Pollution 
Prevention Plan. There are two important features-in organizing a team of this nature: 
(1) selecting the right individuals to serve on the team; and (2) establishing good channels of 
communication. . 
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What are the Roles and Responsibilities of the Designated Individual or Team? 

The designated individual or team will be the driving force behind the development, implementation, 
maintenance, and revision of the facility's Storm Water Pollution Prevention Plan .. One of the first 
tasks of those responsible is to define and agree upon a clear and reasonable set of goals for the 
facility's overall storm water management program. Where a team is.involved, the responsibilities 
or duties of specific team members should be clearly defined. 

Areas of responsibilities include initial site assessment, identification of pollutant sources and risks, 
decision making on appropriate BMPs, directing the actual implementation of the BMPs, and then, 
regular evaluations to measure the effectiveness of the plan. Details of these procedures are 
described in the latter part of this chapter. 

To ensure that the Storm Water Pollution Prevention' Plan remains effective, the person or team 
responsible for maintaining the pollution prevention plan must be aware of any changes that are 
made in plant operations to determine if any changes must be made. -

While a designated individual or a pollution prevention team can be assigned the job of developing 
and implementing a Storm Water Pollution Prevention Plan, plant management is ultimately 
responsible for the implementation of the plan and for compliance with all applicable storm water ' 
requirements. Accordingly, the designated individual or team must have a clear line of 
communication with plant managem~nt to ensure that they are able to function in a cooperative 
partnership. 

Who Should be on a Storm Water Pollution Prevention Team? 

Any team, by definition, involves decision making and planning in a group setting •. This allows for 
people with different ideas and areas of ex'pertise to share knowledge and collectively figure out 
what works best for a particular facility. To broaden the base of involvement in the facility's storm 
water pollution prevention program, team members should represent all phases of the facility's 
operations. . 

For example, at a large facility, a team may be comprised of representatives from plant 
management, all aspects of production operations, engineering, waste handling and treatment 
(environmental department), and, if applicable, research and development. See Figure 2.2 for an 
illustration of an example team organizational chart. 

Engineering Research & 
Development 

Plant Management. 

I 
Production 

I 

Waste' Material 
Handling 

Manufacturing Material Storage Shipping/Receiving 

Maintenance 

FIGURE 2.2 EXAMPLE POLLUTION PREVENTION TEAM ORGANIZATION CHART 
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Not all facilities will have or require all of these "team" positions. As mentioned above,team 
membership depends on the type of operations occurring at a facility. For example, a small ' 
trucking operation may find it appropriate to designate' a single individual or a very smaU poUution 
prevention team with experience in key types of facility operations, such as vehicle maintenance, 
vehicle washing, fueling, and materials handling. . . . 

For a facility that has already designated a spill prevention' and response team, the facility may use 
some of these· personnel on the storm water poUution prevention team, thus overlapping the two 
groups to a certain extent. However, the roles and ~esponsibilities of the pollution prevention team 
reach beyond the activities of a spill prevention and response team, and consequently, it would not 
be appropriate for a facility simply to substitute the spill response team for the pollution prevention 
team without clearly examining the roles and requirements related to storm water management (see 
Section 2.1 .2). . , 

Worksheet #1 (located at the end of Chapter 2) is an example of an' appropriate form on which to 
list the team members. To complete this worksheet, list the pollution prevention team members by 
name, facility position (title), phone number, and include a brief description of each member's' 
specific responsibilities. This list can be directly incorporated into the Storm Water Pollution 
Prevention Plan, but it should also be displayed or posted within the facility so that other plant 
employees are aware of who is responsible for storm water management. 

EPCRA, Secti~n 313 Facility Team Requirements 

EPA's General Permit contains more specific pollution prevention team requirements for facilities 
subject to reporting under EPCRA, Section 313 for water priority chemicals [Part IV.D~7.b.(9).]. 
The team must designate a person who will be accountable for spill prevention at the facility and 
identify this person in the plan. The designated person is responsible for setting up necessary spill 
emergency procedures and reporting requirements to isolate, contain,. and clean up spills and 
emergency releases of Section 313 water priority chemicals before a discharge can occur. 

2.1.2 Building on Existing Environmental Management Plans 

. , 

Many i.ndustrial facilities may have already incorporated storm water management practices into 
day-to-day operatio!,)s as a part of an environmental management plan required by other 
regulations. Potentially relevant elements of a number of different types of plans are listed in 
Appendix G at the end of this manual. The plans addressed include: the Preparedness, Prevention 
and Contingency Plan [40 Code of .Federal Regulations (CFR) 264 and 265], the Spili Control and 
Countermeasures requirements (40 CFR 11 2), the National Pollutant Discharge Elimination System 
Toxic Organic Management Plan (40 CJ=R 413, 433, 469), and the Occupational Safety and Health 
Administration (OSHA) Emergency Action Plan (29 CFR 1910). It is the re~ponsibility of the. 
pollution prevention team to evaluate these other plansc to determine which, if any, provisions may 
be incorporated into the Storm Water Pollution Prevention Plan. 
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In some cases, it may be possible to build on elements of these plans that are relevant to storm' 
water pollution prevention. For example, if your facility already has in place an ~ffective spill 
prevention and response plan, elements of that spill prevention strategy may be relevant to your 
approach for storm water pollution prevention. More specifically, lists of potential pollutants or 
constituents of concern may provide a starting point for your list of potential storm water 
pollutants. Although ,you should build on relevant portions of other environmental plans as 
appropriate, it is important to riote that your Storm Water Pollution Prevention Plan must be a 
comprehensive, stand-alone document. ' 

2-6 September 1992 

NWMAR 117256 



I ':2.1 P;..ANHlNG AND O:<GAHlZAT:ONI 

" 22 ASSESSMENT PHASE 
• Develop a'site map 
• Inventory and descroe exposed materials 
• List significant sp~1s and leaks 
• Test for non-slorm water discharQes 
• E~luate monitoring data 
• SUmmarize pollutant sources and risks 

2.S Gl:.NERAL 
, REQUIREMENTS 

2..1 SPf:ClAL 
REQO~EMEHrs 

Chapter 2-Storm Water Pollution Prevention Plan 

2.2 ASSESSMENT PHASE -
DESCRIPTION OF POTENTIAL 
POLLUTANT SOURCES 

After identifying who is responsible for developing 
and implementing your plan and organizing your 
planning process, you should proceed to this next 
step-a pollutant source assessment. This is 
where you take a look at your facility and site and 
determine, what materials or practices are or may 
be a source of 'contaminants to the storm water 
running off your site. To complete this phase, 
you wil!: 

• Assess the potential sources of storm water 
pollution at your facility 

• Create a map of the facility site to locate 
pollutant sources and determine sto'rm I 

water management opportunities 

• Conduct a material. inventory 

• Evaluate past spills and leaks 

• Identify noil-storm water . discharges and ' 
illicit connections· 

• Collect or evaluate storm water quality data 

• Summarize the findings of this assessment. 

This phase is designed to help y~u to target the most important pollutant sources for corrective 
and/or preventive action, thus using a "risk-based" approach to environmental protection. Details' 
on how to complete this assessment are provjded in the next six subsections of this chapter (see 
2.2.1-~.2.6). These sections of the manual will help yo~ discover areas at your facility that have 
the potential for contributing pollutants to storm water. Within each of the following sections, you 
will find helpful worksheets and suggestions for accomplishing a complete and accurate ' 
assessment of existing and potential 'problems. Each of the required components builds on the 
others; therefore, it is very important to perform each step thoroughly. . 
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2.2.1 Developing a Site Map 

The facility site map is basically an illustration of the overall site and location, and should indicate 
property boundaries, buildings and operation or process areas, as well as provide information on 
drainage, storm water control struct~res, and receiving streams. Locating these features on the 
map will help you assess where potential storm water pollutants are located on your site, where 
they mix with storm water, and where storm water leaves your site. All of this information is 
essential in identifying the best opportunities for storm water pollution prevention or control. 
Worksheet #2 (located at the end of Chapter 2) is designed to help you develop an appropriate and 
useful site map. 

Figures 2.3 and 2.4 are good examples of site maps with different layers of information to help 
locate sources of pollution on your site. When properly drafted, your site map will be a very useful 
tool to assist in designing the proper pollution prevention controls, thereby preventing further 
degradation of water quality by reducing additional water pollution. . 

Outfalls and Drainage Areas 

Once boundaries and facility structures have been shown on your site map; you should identify all 
of the storm water outfalls (also called "discharge points") on your site. A storm water outfall is 
the point where storm water enters a natural waterway or a separate storm sewer system. If your 
facility has its own storm water conveyance system, locate where the pipes or conveyances 
discharge to a stream, river, lake, or other water body. If your facility" discharges to" a municipal 
separate storm sewer system, your onsite drainage point into the system is an outfall. However, 
on many sites, storm water is simply collected in ditches. The discharge points may not be so ' 
obvious, particularly when it is not raining. In these cases, it may be necessary to inspect your site 
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particularly when it is not raining. In these cases, it may be necessary to inspect your site -during a 
. rain storm to identify your discharge points. Clearly label each outfall either with letters (A, B, C, 
etc.) or numbers (', 2, 3, etc.) so that you can easily reference these discharge points in other 
sections of ·your Storm Water Pollution Prevention Plan. . 

Working bacK from the storm water outfalls you have identified, now determine the drainage areas 
for each outfall (see Figure 2.4). A topographic map can help with this task if one· with the suitable 
scale is readily available. For larger facilities (greater than 25 acres), 7.5 minute topographic maps, 
available from the United States Geologie<al Survey (USGS), probably have the level of detail 
necessary to determine site drainage patterns. 

i!llJi~ltil_l_t~ 
80,,'25286:' .' ." . 'or US(3S Map·.sales . .: .. '··:.' .. : .' ....... ,: .. , .....• ,::/. ";:::::::;'" .. : 
;Denver/:CQ:802.25/<: 101' '12th: A. ',1'2':.... .... ' ........... "':;':' .::::::.::'~: ... , ... ~.:. 

::.; '.":;:":'::':" , .. ;.:' .' '. Fairbanks( •. AK~~~70t::::{>:: "",:: :>'':';::·:'::':::·:';;:'}':: .. ::::::;:::::\:~i· 

For smaller sites, examination of a topographic map may not reveal very much about the drainage 
, patter!1s of the site •. A simple alternative is to examine the contours of your site. A visual 
observation of flows or the use of small floatables or dyes in concentrated flows are simple 
methods to determine drainage patterns on your facility. Drainage patterns may be very obvious in 
some cases, .such as drainage down a particular hill on the site. In areas where the site appears to 
be relatively flat, a rough study of storm water flow during a rain event should provide you with a 

'sufficient sense of the flow: patterns." . 

StructUral Storm Water Controls 

Other features to include on the site map are the locations and identification of any existing 
structural control measures already in place that are used to control or direct storm water runoff. 
A structural control measure is any physically constructed feature you have onsite that is us~d 
specifically to change the way that storm water flows or that is used to remove pollutants from 
storm water. Examples of structural c'ontrols include: retention/detention ponds, flow diversion 
structures (including ditches and culverts), vegetative swales, porous pavement, sediment traps, 

'and any soil stabilization or erosion .control practices. See Chapter 4 for a more comj>lete 
description and illustrations of these structures. Each structure should be clearly identified on the 
site map, as il~ustrated in Rgure 2.3. 

Surface Waters 

On the site map, you should label all surface water bodies on or next to the site. This includes any 
stream, river, lake, or other water body (see Figure 2.3 as an example). Each water body should 
be identified by name. If you do not know the name of the'waterbody, you can check the USGS 
topographical maps discussed above for the legal name. Your municipal government may also have 
municipal maps that identify small streams by name. If your storm water runoff flows into a small, . 
unna,med tributary, the name of the downstream water body will be sufficient. 
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Potential PollotilOt Sources 

To develop a useful site map for your facility's Storm Water Pollution Preven~ion Plan, you must 
also indicate other items on the map so that you understand what activities are taking place in 
each drainage area, and therefore, what types of pollutants may be present .in storm water from c; 
these areas. These features include: , . , . 

• Topography of site (discussed above) 

• location of exposed significant materials (see Section 2.2.2) 

• locations of past s~iIIs and leaks (see Section 2.2.3) ( 

• High-risk waste generating areas and activities common on industrial sites, such as: 

Fueling stations 
- Vehicle and equipment maintenance 

Vehicle and equipment washin.g 
loading and unloading areas 

- Above-ground liquid storage tanks 
- Industrial waste management area~ and outside manufacturing 
- . Outside storage of raw materials, by-products, or finished products. 

You will notice that specific BMPs may be applied to control the amount of pollutants in storm 
water discharges from these areas (see Chapter 3). Now is the time to determine if any of these 

. activities take place onsite, and in which drainage areas they take place~ . 
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2.2.2 Material Inventory 

Conduct an ,n",AnTnrV' 
a narrative naC:I',inicin.'\r.,f; 

• 

• 

The next step in the Assessment Phase is to conduct a material inventory at your site, specifically 
looking for materials that have been exposed to storm water and measures you have taken to 
prevent the contact of these materials with storm water. Maintaining an up-to-date material 
inventory is an efficient way to identify what materials are handled onsite and which may 
contribute to storm water contamination problems. As discL!ssed above; these potential pollutant 
sources should be identified on your. facility's site map. 

Worksheet #3 (located at the end of Chapter 2) will help guide you through the process of 
conducting a material inventory for your Storm Water Pollution Prevention Plan. Although an 
inventory of all materials (exposed and not exposed) is required as part of EPA's General Permits, . 
conducting such an inventory is a good first step in compiling a list of exposed materials. If any of 
the significant materials on your site have been exposed to storm water in the three years prior to 
the effective date of your permit, fill out Worksheet #3A and include it in your plan. 

Inventory of Exposed Significant Materials 

·Significant materials,· as defined in 40 CFR 122.26(b)(12), are substances related to industrial 
activities such as process chemicals, raw materials, fuels, pesticides, and fertilizers (see Glossary in 
Appendix B for exact definition). When these substances are exposed to storm water runoff, they 
may be carried to a receiving stream with the storin water flow. Therefore, identification of these 
materials helps to determine where a potential for contamination exists and is the first step in 
identifying appropriate BMPs to address this contamination potential. 

To inventory the materials on your site, inspect your site carefully. You may wish to use the site 
checklist (page 2-14) to help you identify exposed materials. Focus on areas where you store, 
process, transport or transfer any materials used or produced during your industrial processes. 
'Check any storage tanks, pipes or pumping areas and note any leaks or spills. Observe any loading 
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or unloading operations and indicate whether any industrial materials are exposed to stprm water 
during those processes. Look ~t any unsealed dumpsters or disposal units/areas where you deposit 
wastes from your industrial activities and document instances where waste materials are exposed 
to rain. Also pay attention to material handling equipment, including everything from vehicles to 
pallets, where raw and waste materials from your industrial activities are exposed. 'Finally, 
consider areas such as the roof where particles are emitted fr~m air vents and are likely to fall 
within your drainage areas. 

These are some basic guidelines meant to help you determine what kinds of things to Ipok out for. 
This,list does not necessarily cover every possible source of pollutants. As the site operator, you 
are responsible for knowing the particular concerns associated with your activity. Be as detailed as 
you can in your description of the significant materials exposed at 'your facility. Discuss what you 
found in your assessment, the amounts present and their location. Update this inventory whenever 
new, significant materials are introduced and exposed onsite so that your management practices 
can be modified to suit any changes. 

Next, you should give closer scrutiJ:ly to areas where you store or dispose of industrial materials. 
rnspect your various containers carefully and note whether there are any openings, holes or leaks 
that allow storm water to contact significant materials in those containers. 

Existing Management Measures and Tll'eatment of Storm Water Runoff 

Now that you have described the potential pollutant sources in storm water runoff from your site, 
you should describe what management practices you currently use. Management practices can be 
as simple as scheduled sweeping of the material transfer area. In this section of your plan you 
must describe both structural and non,structural management practices. Structural management 
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practices are those practices that entail construction of' manmade structures such as berms, 
detention ponds, or grassed swales, whereas nonstructural management practices involve regularly 
scheduled actions (such as sweeping, inspections, or impro~ed materials handling and management 
practices). 

Remember that the p!Jrpose of BMPs is to keep the pollutants out of storm water runoff by 
reducing material exposure to storm water, directing the storm water away from contaminated 
areas, or reducing the volume of potentially polluting materials on the site. 

Finally, you must describe any treatment that you provide for the storm water discharges from your 
site. The treatment of storm water is often accomplished through holding in a detention pond 
which allows for settling of inorganic solids and partial removal of organic contaminants. In the 
case of detention ponds, you should describe the size" and average depth of each pond on your site 
(storage volume). You should also provide any design criteria (i.e., design flow rates, etc.) for the 
pond that may be available to you from engineering design reports or diagrams. Your site may also 
direct some of your storm water into your process water treatment system. _ If so, you should 
identify what type of treatment is provided, and whether this is allowed under your NPDES or other 
discharge permit. In any case, be sure to specify areas from which the treated storm water drains. 

2.2.3 Identifying Past Spills and Leaks 

Include a 
occurred at 

The next component of the assessment phase of your pollution prevention plan is a list of 
significant spills and significant leaks of toxic or hazardous materials that have occurred at your 
facility. This list provides information on potential sources of storm water contamination. The first 
question that comes to mind is "What is a significant spill or leak?" " 

EPA has defined ·significant spills· to include releases within a 24-hour period of hazardous 
substances in excess of reportable quantities under Section 311 of the Clean Water Act and 
Section 102 of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA). Reportable quantities are set amounts of substances in pounds, gallons, or other units 
and are listed in 40 CFR Part 117 and 40 CFR Part 302. This list is included as Appendix H in this, 
manual. If your facility releases these listed hazardous substances to the environment in excess of 
these amounts, you are required to notify the National Response Center at (800) 424-8802 as soon 
as possible. Releases are defined to include any spilling, leaking, pumping, pouring, emitting, 
emptying, discharging, injecting, escaping', leaching, dumping, or disposing into the environment. 

Worksheet #4 (located at the end of Chapter 2) can help you organize this list of leaks and spills. 
The areas on your site where significant leaks or spills have occurred are areas on which you 
should focus very closely when selecting activity-specific or site-specific BMPs. 

If several of these events have occurred at your facility, pay special attention to Section 2.3.1, 
which discusses spill prevention and response procedures. Adequate spill prevention and response 
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procedures are one of the BMPs that should be included in your pollution prevention plan. Using 
the proper procedures will reduce the likelihood of spills or releases in the future, thus reducing the 
opportunity for spilled pollutants to come ,into contact with storm water. ' 

The above list of significant leaks and spills, together with the other information gathered to 
identify pollutants and sources, provides the necessary focus for the BMP Identification Phase of 

, your facility's Storm Water Pollution Prevention Plan. This information is used to target pollution 
prevention activities such as preventive maintenance, good housekeeping, spill prevention and 
response procedures, employee training, and storm water management controls such as covering, 
flow diversion, erosion control and treatment that ultimately will reduce pollutant loadings in storm 
water discharges. 

2.2.4 Identifying Non-Storm Water Discharges 

Examples of non-storm water discharges include any water used directly in the manufacturing 
process (process water), air conditioner condensate, non-contact cooling water, vehicle wash 
water, or sanitary wastes. Connections of non-storm water discharges to a storm water collection 
system are common yet are often unidentified. Those types of discharges are significant sources, 
of water quality problems. Unless permitted by an NPDES permit, such discharges are illegal. If 
such connections are 'discovered, disconnect them or submit an NPDES permit application (Form 2C 
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for process wastewater or 2E for non process wastewater) to your permitting authority. Such 
interconnections must be disconnected or covered by an NPDES permit. 

To check for non-storm water discharges, you may elect to use one of four common dry weather 
tests described below and in more detail in Appendix F: (1) visual inspection; (2) plant schematic 
review; and (3) dye testing. 

Visual Inspection 

The easiest method for detecting non-storm water connections into the storm water collection 
system is simply to observe all discharge points during dry weather. Inspect each discharge point 
on three separate occasions. As a rule, the discharge point should be dry during a period of 
extended dry weather since a storm water collection system should only collect storm water. Keep 
in mind, however, that drainage of a particular rain event can continue for three days or more after 
the rain has stopped. In addition, infiltration of ground water into the underground collection 
system is also common. To be sure about the source of any flow during dry weather, you may 
need to perform one of the additional tests described below. . 

Sewer Map 

A review of a plant schematic is another simple way to determine if there are any interconnections 
into the onsite storm water collection system. A sewer map or plant schematic is a map of pipes 
and drainage systems used to carry process wastewater, non-contact cooling water, air conditioner 
condensate, and sanitary wastes (bathrooms, sinks, etc.). A common problem, however, is that 
sites often do not have accurate, up:.to-date schematics. If you do have ari accurate and reliable 
plant schematic, you can simply examine the pathways of the different water circuits listed above. 
Be sure also to investigate where the floor drains discharge. These are commonly connected to the 
storm sewer system, especially in older buildings. 

Dye Testing 

Another method for detecting improper connections to the storm water collection system is dye 
testing. A dye test can be performed by simply releasing a dye into either your sanitary or process 
wastewater system and examining the discharge points from the storm water collection system for 
discoloration. A detailed description of the equipment needed and proper procedures for a dye test 
is included in Appendix F. . 

Non-Storm Water Discharges 

As noted above, unless covered by an NPDES permit, non-storm water discharges are illegal. 
Generally, non-storm water discharges are issued individual NPDES permits based on application 
Form 2C (for process wastewater) or Form 2E (for non process wastewater). However, EPA's 
General Permit authorizes the following types of non-storm water discharges: 

• Discharges from fire fighting activities 

• Fire hydrant flushings 

• Potable water sources including waterline flushings 

• Irrigation drainage 
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• Lawn watering 

• Uncontaminated ground water . 

• Foundation or footing drains where flows are not contaminated with process materials 

• . Discharges from springs 

• Routine exterior building washdown which does ,",ot use detergents or other compounds 

• Pavement wash waters where spills or leaks of toxic or hazardous materials have not 
occurred and. where detergents are not used . 

.. Air conditioning condensate. 
. . . 

Be sure to examine your facility's storm water permit to determine. whether it au~horizes any of 
these or other non-storm water discharges. If your permit does not authorize non;'storm water 
discharges occurring at your f~cility, you should contact your permitting authority or. the Storm 
Water Hotline for more information about how to address these discharges. 

Generally, except for flows' from fire fighting activities, all non-storm water connections that are 
identified and that are authorized by your storm water discharge permit should be identified in the 
Storm Water Pollution Prevention Plan. Where necessary to minimize pollutants in these 
discharges, pollution prevention measures should be adopted and implemented. The pollution 
potential. from these sources can be significantly reduced where a conscious effo~ is taken to 
control them. 

2-18 September 1992 

NWMAR 117269 



2.2.5 Storm Water Monitoring Data 

Include a 
. discharges from 
permit. 

Chapter 2-Storm Water Pollution PrflV8l1tion Plan 

Storm water sampling data provide information that describes the quality of storm water 
discharges. These data are valuable because they indicate the potential environrnental risk of the 
discharge by identifying the types and amounts of pollutants present. In addition, these data can 
be used to identify potential sources of storm water pollution. 

During the site assessment phase, permittees should collect and summarize any storm water 
sampling data that were collected in the past. Historical storm water monitoring data may be very 
useful in locating areas which have previously contributed pollutants to st.orm water discharges and 
identifying what the problem pollutants are. In your summary of these data, describe the sample 
collection procedures used. Be sure to cross-reference the particular storm water outfall sampled 
to one of the outfalls designated on your site map. 

Although some permittees may not have to conduct storm water sampling under: the per:mit that is 
issued to that facility, incorporation of these data into the'Storm Water Pollution Prevention Plan as 
it is collected will provide a basis for evaluating the effectiveness of the plan. Under EPA's General 
Permit, certain classes of facilities are required to conduct storm water sampling either annually or 
semiannually throughout the term of the permit. Appendix J contains a table summarizing these 
sampling requirements, including the parameters for which analysis is required "and the sampling 
frequency. State-issued storm water general permits may include similar provisions. Generally, 
where sampling is required, facilities must collect and analyze grab and composite samples in 
accordance with the protocol established in 40 CFR Part 136. EPA has published a guidance 
manual addressing storm water sampling requirements and procedures for NPDES storm water 
discharge permit applications. Although directed toward application requirements, the guidance' 
manual contains information that would be of assistance to facilities required to sample under a 
storm water general permit. To obtain a copy of the manual, call the Storm Water Hotline at 
(703) 821-4823. 
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2.2.6 Assessment Summary 

Once you have completed the above steps in your pollutant source assessment, you should have 
enough information to determine which areas, activities or materials may contribute pollu,tants to 
storm water runoff from your site. With this information, you can select the most appropriate 
8MPs to prevent or control pollutants from these areas. 

The following paragraph is an example of how you can analyze ,the information you have gathered 
and start to figure out what you can do to correct these problems: 

In a particular drainage area, you have a vehicle maintenance facility area where oil 
filters are stored outdoors. You found that no material management practices were 
currently being used to protect the used filters from contact with storm water. You 
would then suspect that the storm water draining from that area would most likely 
contain a significant amount of oil and grease. Therefore, you have concluded that 
you need to do something to reduce the possibility of oil and grease mixing with 
storm water. 

EPA's General Permit requires this type of narrative description summarizing any potential source of 
storm water pollutants, and what types of pollutants have already been or may be found in storm 
water runoff from the site. 

Worksheet #7 (located at the end of Chapter 2) will help you organize the pollutant sources that 
you identified during the site assessment phase, relate them to management practices that you 
already have in place, and list potential new 8MP options to address remaining pollutant sources. 
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2.3 BMP IDENTIFICATION PHASE 

. Once you have identified and assessed potential 
and existing sources of contamination to storm 
water at your facility, the next step is to select 
the proper measures or BMPs that will eliminate or 
reduce pollutant loadings in storm water 
discharges from your facility site. Specifically, 
your plan design will include the following BMPs: 

• Good housekeeping 

• Preventive maintenance 

• Visual inspections -

• Spill prevention and response 

• Sediment and erosion control 

• Management of runoff 

• Employee training 

• ~ec,?rdkeeping and reporting 

• Other BMPs as appropriate 

BMPs are measures used to prevent or mitigate pollution from a",y type of activity. BMPs ~re a 
very broad class of measures and may include processes, pr()cedures, schedules of activities, 
prohibitions on practices, and other management practices to prevent or reduce water pollution. In 
essence, they are anything a plant manager, department foreman, environmental specialist, 
consultant or employee may identify as a method, short of actual treatment, to curb water 
pollution. They may be inexpensive'or costly. BMPs can be just about anything that "does the 
job" of preventing toxic or hazardous substances from entering the environment. 

The purpose of this section is to describe the "baseline" BMPs that you must include in your 
facility's storm water pollution prevention program and offer some guidelines about how to select 
more "advanced" BMPs that are tailored to the specific pollutant sources on your particular site. 
With this information, you should be able to design a storm water management program that best 
addresses any problems with runoff from your facility's site. 
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2.3.1 Baseline Best Management Practices 

"Baseline" BMPs are practices that are inexpensive, relatively simple, and applicable to a wide' 
variety of industries and activities. Most industrial facilities already have these measures in place 
for product loss prevention, accident and fire prevention, worker health and safety, or to comply 
with other environmental regulations. The purpose of this section is to highli'ghi: how these 
common practices can be improved and tailored to prevent storm water pollution. EPA's Storm 
Water Program is emphasizing these generic measures because they can be effective, are cost
effective, and because they emphasize prevention over treatment • 

. Industrial facilities must implement, at a minimum, the above-listed eight baseline BMPs, where 
appropriate. How each of these BMPs can prevent storm . water pollution is described in detail 
below. 

-
,Worksheet #7a (located at the end of Chapter 2) is designed to help you list the specific activities 
or practices that you select to include in your plan for each of the baseline BMPs. 
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Good 
water-

Good housekeeping practices are designed to maintain a clean and orderly work environment. 
Often the most effective first step towards preventing pollution in storm water f,'om industrial sites 
simply involves using good common sense to improve the facility's basic housekeeping methods. 
Poor housekeeping can result in more waste being generated than necessary and an increa,sed 
potential for storm water contamination. A clean ,and orderly work area reduces the possibility of 

• accidental spills caused by mishandling of chemicals and equipment and should 'reduce safety 
hazards to plant personnel. Well maintained material and chemical storage areas will reduce the 
possibility of storm water mixing with pollutants. 

There are some simple procedures a facility can use to promote good housekeeping, including 
improved operation and maintenance of industrial machinery and processes, material storage 
practices, material inventory controls, routine and regular clean-up schedules, maintaining well 
organized work areas, and educational programs for employees about all of these practices. The 
following sections describe these good housekeeping procedures and proyide· a checklist that you 
can use to evaluate and improve your facility's storm water pollution prevention program. 

Operation and Maintenance 

These practices ensure that processes and equipment are working well. Improved operation and 
maintenance practices are easy to implement. Here are a few examples of basic operation and 
maintenance BMPs that should be incorporated in your good housekeeping program: 

• Maintain dry and clean floors and groul1dsu~aces by using brooms, shovels, vacuum 
cleaners, or cleaning machines 

• Regularly pickup and dispose· of garbage and waste material 

• Make sure equipment is working properly (see Section 2.304 on preventive maintenance) 

• Routinely inspect for leaks or conditions that could lead to discharges of chemicals or contact 
of storm'water with raw materials, intermediate materials, waste materials, or products (see 
Visual Inspection BMP below) 

• Ensure that spill cleanup procedures are understood by employees (see Spill Prevention and 
Response BMP below). 

Material Storage Practices ' 

Improper storage can result in the release of materials and chemicals that can. cause storm water 
runoff pollution. Proper storage techniques include: . 
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.• Providing adequate aisle space to facilitate material transfer and 'easy access for inspections 
. ! ' 

• Storing containers, drums, and bags away from direct traffic routes to prevent accidental 
, spills (see Spill Prevention and Response BMP below) , 

• Stacking. containers according' to manufacturers' instructions to avoid damaging the 
, containers from improper weight distribution 

• Storing containers on pallets 011" similar devices to prevent corrosion of the containers which 
can result when containers come in contact with moisture on the ground 

• ASSigning the responsibility of hazard.ous material inventory to ,a limited number of people 
who are trained to handle hazardous materials. 

Material Inventory Procedures 

Keeping an up~to:-date inventory of all materials (hazardous and non-hazardous) present on your site 
will help to keep material costs down caused by overstocking, track how materials are stored and 
handled onsite, and identify wh,ch materials and activities pose the most risk to the environment. 
The following instructions explain the basic steps to completing a material inyentory. Worksheets 
#3 and 3A provide an example of the types of information you should collect while conducting the 
inventory . 

• Identify all chemical substances present in the workplace. Walk through the facility and 
review the purchase orders for the previous year. list all of the chemical substances used in 
the workplace, and then obtain the Material Safety Data Sheet (MSDS) for each. 

• Label all containers to show the name and type of substance, stock number, e'xpiration date, 
health hazards, suggestions for handling, and first aid information. This information can 
usually be found on the MSD$. Unlabeled chemicals and chemicals with deteriorated labels 

" are often disposed of unnecessarily or improperly. " 

• Clearly mark on the inventory hazardous materials that require special handling, storage, use, 
and disposal considerations. 

Improved material tracking and inventory practices, such as instituting a shelf-life program, can 
reduce the waste that results from overstocking and the disposal of out-dated materials. Careful 
tra.cking of all materia'is ordered may also result in'more efficient materials use. ' 

Decisions on the amount of hazardous materials the facility stores should include an evaluation of 
your emergency control systems. Ensure that storage areas are designed to contain spills. . 

Employee Participation 

Frequent and proper training of employees in good housekeeping techniques reduces the possibility 
that the chemicals or equipment Will be mishandled. Motivating employees to reduce waste 
generation is another important pollution prevention technique. Section 2.4.2 provides more, 
information on employee training programs. Here are some suggestions for involvif!g employees in 
good housekeeping practices: ' 
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• Incorpo,rate information sessions on good housekeeping practices into the facility's employee 
training program 

• Discuss good housekeeping at employee meetings 

• Publicize pollution prevention concepts through posters 

• Post bulletin boards with updated goo~ housekeeping ,procedures, tips and reminders. 

o 
o 
o Is garbage .... lTllnv .... ~ ;~~;t~jl~~~~ 

o 

DAre 
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Most plants already have preventive maintenance programs that provide some degree of, 
environmental protection. The program you undertake as part of the Storm Water Pollution 
Prevention Plan should not just duplicate previous efforts, but should expand the current preventive 
maintenance programs to include storm water considerations, especially the upkeep and 
maintenance of storm water management devices. The pollution prevention team should evaluate 
the existing plant preventive maintenance program and recommend ~ny ne~essary changes. ' 

Preventive maintenance involves the regular inspection and testing of plant equipment, and 
operational systems (see Visual Inspections description below). These inspections should uncover 
conditions such as cracks or slow leaks which could cause breakdowns or failures that resl,Jlt in 
discharges of chemicals to storm sewers and surface water$, The program should prevent 
breakdowns and failures by adjustment, repair or replacement of equipment. An effective 
preventive maintenance program should therefore include the following' elements: 

• Identification of equipment, systems, and facility areas that should be inspected 

• Schedule for periodic inspections or tests of. these equipment and systems 

• Appropriate and timely adjustment, repair or replacement of equipment and systems 

• Maintenance of complete records on inspections, equipment, and systems. 

Identification of Equipment to Inspect 

The' first step is to identify which systems or equipment may malfunction and cause spills, leaks, or 
other situations that could lead to storm water runoff contamination. Look back at what sources 
of potential storm water contamination Were identified during the pollutant source assessment 
phase. The following list identifies some types of equipment to include in your preventive 
maintenance inspection and testing program:, ' 
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Schedule Routine Preventive Maintenance Inspections 

Once you have identified which equipment and areas to inspect at your facility, 'set schedules for 
routine inspections. Include examination for leaks, corrosion, support or foundation failure, or ,other 
forms of deterioration or leaks in your inspection. Look for spots or puddles of chemicals and 
document any detection of smoke, fumes, or other signs of leaks. Periodic testing of plant! 
equipment for struCtural soundness is a key element of preventive maintenance. This can' be done 
by making sure storage tanks are solid and strong enough to hold materials. Another important 
consideration is when and how often preventive maintenance inspections should be conducted to 
ensure that this practice is effective. Smaller facilities with little equipment and few systems may 
still find it necessary to conduct frequent inspections if the equipment is older and more susceptible 
to leaks or other discharges. Preventive maintenance inspections may be conducted as part of 
your regular visual inspections. 

Equipment Repair or Replacement 

Promptt'y repair or replace defective equipment found during inspections andtestings. Keeping 
spare parts for equipment that needs frequent repair is another simple practice that can help avoid 
problems and equipment down-time. 

Records on Preventive Maintenance 

Include a suitable records system for scheduling tests and documenting inspections in the 
preventive maintenance program. Record test results and follow up with corrective action. Make 
sure records are complete and detailed. These records should be kept with other visual insp'ection 
records. .. , 

EPCRA. Section 313 Facility Preventive Maintenance In~pection Requirements' 

EPA's General Permit contains additional preventive maintenance inspection requirements for 
facilities subject to reporting under EPCRA, Section 313 for water priority chemicals 
[Part IV.D.7.b.(7).]. For these facilities, all areas of the facility must be inspected for the following 
at appropriate intervals as specified in the plan: 
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• Leaks or conditions that would lead to discharges of Section 313 water priority chemicals 

• Conditions that could lead to direct contact of storm water with raw materials, intermediate 
materials, was~e materials or products' . 

• Examine piping, pumps, storage tanks and bins, pressure vessels, process and material 
handling equipment, and material bulk storage areas for leaks, wind blowing, corrosion, 
'support or foundation failure, or other deterioration or noncontainment. 

These inspections must occur at intervals based on facility design and operational experience, and 
the timing must be specified in the plan. 

, When a leak or other th~eatening condition is found, corrective action must be taken immediately or 
the facility unit or process must be shut down until the problem is repaired. 
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• 

• 
• 

Preventing pollution of storm water runoff from your facility requires good housekeeping in areas 
where materials are handled, stored, or transferred and preventive maintenance of process 
equipment and systems. Such practices are described in detail above and should be outlined in 
your Storm Water Pollution Prevention Plan. Regular visual inspections are your means to ensure 
that all of the elements of, the plan are in place and working properly. 

Routine visual inspections are not meant to be a comprehensive evaluation of the entire storm 
water pollution prevention program-that is the function of the Annual Site Inspection and Site 
Evaluation described in Section 2.5.1 below. Rather, they are meant to be a routine look-over of 
the facility to identify conditions which may give rise to contamination of storm water runoff with 
pollutants from your facility. 

Every facility is different,. so it is up to the facility owner/operator to determine what areas of your 
facility could potentially contribute pollutants to storm water runoff, and to devise and implement a 
visual inspection program based on this information. The visual inspection is simply a way to 
confirm that the measures chosen are in place and working and should periodically take place 
during storm events. The frequency of visual inspection'should be determined by the types and 
amounts of materials handled at the facility, existing BMPs at the facility, and any other factors 
that may be relevant, such as the age of the facility (in general, older facilities should be inspected 
at more frequent intervals than new facilities). The following lists identify some types of 
equipment and plant areas to include in your Visual Inspections and preventive maintenance plan: 

• 

• 

• 

• 

• 

• 
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Implementation of a Visual Inspection Plan 

The best plan is a simple one, and this includes the visual inspection plan - there is no reason for it 
to be highly technical, complicated or labor-intensive. If your facility already has a routine 
surveillance program in place, consider expandirig it to include the visual inspection element of your 
Storm Water PollUtion Prevention Plan. For example, if your facility has a security surveillance 
program, you might consider training facility security personnel to perform the visual inspection 
program. If your facility has no routine surveillance or inspection program already in place, then a 
plan must be developed and people must be assigned the responsibility for carrying the inspections 
out. It is important to remember that the employees carrying out the visual inspection program 
should be properly trained, familiar with the storm water pollution prevention program, and 
knowledgeable about proper recordkeeping and reporting procedures. 

Records of Inspections 

The most important thing for you to remember here is to document all inspections. Inspection 
records should note when inspections were done, who conducted the inspection, ,what ;:Ireas were 
inspected, what problems were found, a~d steps taken to correct any problems, including who has' 
been notified. Many industrial facilities will already have some sort of incident reporting procedure 
in place - existing incident reporting and security surveillance procedures could easily be 
incorporated into the Storm Water Pollution Prevention Plan. These records should be kept with 
the plan. EPA's 'General Permit requires that records ,be kept until at least one year after coverage 
under the permit expires. 
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• 

• 

• 

• 

Spills and leaks together are one of the largest industrial sources o~ storm water pollutants, and in 
most cases are avoidable. Establishing standard operating procedures such as safety and spill 
prevention procedures along with proper employee training can reduce these accidental releases. 
Avoiding spills and leaks is preferable to cleaning them up after they occur, not only from an 
environmental standpoint, but also because spills cause increased operating costs and lower 
productivity • 

Development of spill prevention and response procedures is a very important element of an 
effective Storm Water Pollution Prevention Plan. A spill prevention and response plan may have 
already been developed in response to other environmental regulatory requirements. If your facility 
already has a spill prevention and response plan, it should be evaluated and revised if necessary to 
address the objectives of the Storm Water Pollution Prevention Plan. 

The next section outlines the steps you should take to. identify and characterize potential spills, to 
eliminate or reduce spill potential, and how to respond when spills occur .. 

Identify Potential Spill Areas 

As part of the Assessment Phase of developing the Storm Water Pollution Prevention Plan, you 
should have created a list or inventory of materials handled, used, and disposed of. A site map 
indicating the drainage area of each storm water' outfall was also created. Now overlay the 
drainage area map with the locations of areas and activities with high material spill potential to 
determine where spills will most likely occur. Spill potential also depends on how materials are 
handled, the types and volumes of materials handled, and how materials are stored on your site. 
You must describe these factors in your plan. 

The activities and areas where spills are likely to occur on your site are listed and .described below: 

• loading and unloading areas 

• Storage areas 

• Process activities 
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• Dust or particulate generating processes 

• Waste disposal activities. 

Loading and unloading areas have a high spill potential because the nature of the 'activity involves 
transfer'of materials from one container to another. The spill potential is affected by the integrity' 
of the container, the form of the chemical being transferred, the design of the 'transfer area. . ' 
(bermed vs. direct connection to the storm water collection system), the proximity of this area to 
the storage area, and procedures~ for loading and unloading. ,Evaluate the spill potential from all 
loading and unloading equipment, such as barges, railroad cars, tank trucks, and front end loaders, 
as well as storage and vehicle wash areas. ' , 

, ", 

Storage areas, both indoor and outdoor, are potential spill areas. Outdoor storage areas are 
, exposed to storm water runoff and may provide direct contact between potential pollutants and 
,storm water. Indoor storage areas may contaminate storm water if the drains in the storage area 
areconnect~d to the storm sewer or if improper clean up procedures in the event of a spill are 
used. This evaluation should consider the type; age, and condition of storage containers and 
structures (including tanks, drums, bags, bottles). An evaluation of the spill potential of storage 
areas should also focus on how employees ,handle materials .. 

All process, areas are potential sources of storm water contamination if the floor drains in these' 
area~ are connected to storm sewers (see'Section 2.2.4). If these drains cannot be sealed, the 
process area should be evaluated for the adequacy of spill control structures such as secondary 
containment, if necessary. One should also consider normal housekeeping procedures. Some 
process areas are hosed down periodically and the resulting wash water contains pollutants. 
Outdoor process activities may contaminate ~torm water if spilis are diverted to the storm sewer. 

Also, evaluate spill potential from the following stationary facilities: 

• Manufacturing areas 

• Warehouses 

• Chemical processing and or blending areas 

• Temporary' and permanent storage sites 

• Power generating facilities 

• Food processing areas \ . 

• Tank farms 

• Service, stations 

• Parking lots 

• Access roads. 

Also evaluate the possibility of storm water contamination from underground Sources, such as 
tanks and' pipes. Leaking underground storage tanks are often a source of storm water 
contamination. 

In addition to identifying these and other potential spill areas, projecting possible spill volume and 
type of material is critical to developing the correct response procedures for a particular area. 
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Specify Material Handling Procedures and Storage Requirements 

Through the process of developing various spill scenarios, ideas for eliminating or minimizing_ the 
spill or its impact will emerge. These solutions should be prioritized and adopted according to 
conditions of effectiveness, cost, feasibility, and ease of implementation. Following is a list of 
some suggested activities or alterations that may be made to reduce the potential that spills will 
occur or impact storm water quality: 

• Develop ways to recycle, reclaim and/or reuse process materials to reduce the volume 
brought into the facility 

• Install leak detection devices, overflow controls, and diversion berms 

• Disconnect drains from processing areas that lead to the storm sewer (however, be sure that· 
any such action .would not create a health hazard within your facility) 

• Adopt effective housekeeping practices 

• Adopt a materials flow/plant layout plan (i.e., do not store bags that are easily punctured 
near high-traffic areas where they may be hit by moving equipment or personnel) 

• Perform regular visual inspections to identify signs of wear on tanks, drums, containers, 
storage shelves, and berms and to identify sloppy housekeeping or other clues that could lead 
to potential spills 

• Perform preventive maintenance on storage tanks, valves, pumps, pipes, and other 
equipment 

• Use filling procedures for tanks and other equipment that minimize spills 

• Use material transfer procedUres that reduce the chance of leaks or spills 

• Substitute less or non-toxic materials for toxic materials 

• Ensure appropriate security. 

Identify Spill Response Procedures and Equipment 

In the event that spill prevention measures .fail, a swiftly executed response may prevent 
contamination of storm water. Spill response plans are required by numerous programs for various 
reasons. However, this may be the first time that a spill response plan specifically addresses 
protection of storm water quality. 

Past experience has shown that the Single most important obstacle to an· effective spill response 
plan is its implementation. Develop the plan with its ease of implementation in mind. The spill 
response procedures should be clear, concise, step-by-step instructions for responding to the spill 
events at a particular facility. Organize the plan to facilitate rapid identification of the appropriate 
set of procedures. For example, you may find tlhat the plan works best for your facility when 
organized by spill location. Another possible method of organization is by spilled material. The key 
component to implementation is the ability of employees to use the plan quickly and effectively. 
The specific approach you take will depend on the specific conditions at your facility such as size, . 
number of employees and the spill potential of the site. 

The spill response plan is developed based on the spill potential scenarios identified. It reflects a 
consideration of the potential magnitude and frequency of spills, of the types of material$ spilled, 
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and of the variety of potential spill locations. Specific procedures may be needed to correspond to 
particular chemicals onsite. At all times during the operation of a facility, personnel with 
appropriate training and authority should ,be available to respond to spills. 

The spill response plan should describe: ' 

• Identification of spill response "team" responsible for implementing the spill response plan. 

• Safety measures • 

• Procedures to notify appropriate authorities providing assistance [police, fire, hospital, 
Publicly Owned Treatment Works (POTW), etc.]. 

• Spill containment, diversion, isolation, cleanup. 

• Spill: response equipment including: 

- Safety equipment such as respirators, eye guards, protective clothing, fire extinguisber, 
and two-way radios. ' , 

, . 
- Cleanup equipment such' as booms~ barriers, sweeps, adsorbents, containers! etc. 

Following any spills, evaluate how the prevention plan was successful or unsuccessful in 
responding and how it can be improved. " , 

EPCRA,Section 313, Facility Spill Prevention and Response Requirements 

EPA's General Permit sets forth more specific requirements for facilities subject to reponing under 
EPCRAi Section 313 for water priority chemicals [Part IV.D.7.b.(7).]. When a leak or spill of a 
Section 313 water priority chemical has occurred, the contaminated soil, material, or debris must 
be removed promptly and disposed of in accordance with Federal, State, and local requirements 
and as described in the Storm Water Pollution Prevention Plan. 

, . 
These facilities are also required to designate a person responsible for spill prevention, response" 
and reporting procedures (see Section 2.1.,1, Pollution Prevention Team). 
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There may be certain areas on your site which, due to construction activitiesJ steep slopes, sandy 
soils, or other reasons, are prone to soil erosion. Construction activities typically remove grass and 
other protective ground covers resulting in the exposure of underlying soil to wind and rain. 
Similarly, steep slopes or sandy soils may not be able to hold plant life so that soils are exposed. 
Because the soil surface is unprotected, dirt and sand particles are easily picked up by wind and/or 
washed away by rain. This process is called erosion. Erosion can be controlled or prevented with 
the use of certain BMPs. A number of these measures are described in Chapter 4. . 

Many BMPs discussed in this chapter are measures to reduce pollutants at the source before they 
have an opportunity to contaminate storm water runoff. Traditional storm water management 
practices also can be used to direct storm water away from areas of exposed materials or potential 
pollutants. Further, traditional storm water management practices can be used to direct storm 
water that contains pollutants to natural or other types of treatment locations. For example, using 
an oil/water separator on storm water that has oil and grease in it will take out some of the oil and 
grease before the storm water leaves the site. Permits will generally not require specific storm 
water management practices since these practices must be selected on a case-by-case basis 
depending on the activities at your site and the amount of space you have available. 
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Chapter 4 provides descriptions of several traditional storm water management practices. 
Additional sources of information are listed in AplPendix A. 

2.3.2 , AdvanC?ed Best Management Practices' 

In addition to those BMPs that should be routinely incorporated into your storm water prevention 
pollution plan, you may need to implement some "advanced" BMPs that are specifically directed to 
address particular pollutant source,s or activities on your site .. As discussed in Chapters 3 and 4, 
these BMPs must be tailored to address specific problems. ' 

In determining which BMPs represent the Best Available Technology Economically Achi~vable 
(BAT), the following factors are considered: (1) the age of equipment and facilities involved; (2) 

, the, process ,employed; (3) the engineering aspects of the application of various types of control 
techniques; (4) process changes; (5) the cost of achieving effluent reduction; and (6) non-water. 
quality environmental impact (including energy requirements). 

BMP Cost and Effectiveness 

The costs of implementing the BMPs described in this manual vary depending upon many factors , 
'and site-:specific conditions .. In general, the required baseline BMPs are relatively low in cost when 
compared with more traditional storm water treatment or highly engineered controls. Costs also 
vary depending upon the size of the facility, the number of employees~ the types of chemicals or 
'raw materials stored or used, and the nature of plant operations.' However, because many of the 
baseline practices are widely accepted and considered "common sense" or standard good operating 
practices, many facilities have them in place. 

Because BMP effectiveness is also site-specific, this manual does hot attempt to provide specific 
guidance on this matter. 

Reduce, Reuse, Recycle 

As described in Chapter 1, EPA encourages industrial facilities to choose practices that prevent the 
contamination of storm water r,ather than treat it once it is polluted. Use of the Storm Water 
Management. Hierarchy (see Table 2.1) as a tool to help select BMPs for your program will help you 
discover how to prevent pollution and avoid its associated costs and liabilities while meeting the 
environmental goals of EPA's Storm VVaterProgram. ' 

When selecting a BMP for your storm water management program, EPA recommends that you 
choose practices that eliminate or reduce the amount of pollutants generated on your site. This 
practice is referred to as "source reduction." When it is impossible, select options that recycle or 
reuse the storm water in your industrial, processes, or those that reduce the need to store and 
expose more hazardous materials to storm water by recycling or recovering used materials. 
Treating storm water to remove pollutants before they leave the site is the next best option, 
although this often just transfers the problem from .one place or medium to another. Table 2.1, 
below, provides examples of BMPs that are representative of the different types of storm water 
management. ' 
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TABLE 2.1 CLASSIFICATION OF STORM WATER BMPs 

Storm 

Source Reduction • Preventive maintenance 
• Spill prevention 
• Chemical substitution 
• Housekeeping 
• Training 
• Materials management practices 

Containment/Diversion • Segregating the activity of concern 
• Covering the activity 
• Berming the activity 
• Diverting flow to grassed area 
• Dust control 

Recycling • Recycling 

Treatment • Oil/water separator 
• Vegetated swale 
• Storin water detention pond 

2.3.3 Completing the BMP Identification Phase 

When you started designing your pollution prevention plan, you assembled certain crucial pieces of 
information: 

• A list of actual and potential storm water discharge problems 

• The location of each ()utfall on a site map. showing the drainage route from your property 

• A list of the management plans and practices that are already in place at your facility 

• Information contained in this manual on "baseline" BMPs and "advanced" BMPs for resolving 
storm water problems: . 

At the completion of t,he BMP identification phase, you should have accomplished the following: 

• Reviewed your current management plans and practices to assess their effectiveness in 
addressing storm water discharges on your site. 

• Scheduled the implementation of "baseline" BMPs ~nd whatever "advanced" BMPs were 
necessary to effectively eliminate storm water pollution problems at your site. 

• Determined what to do about any identified, unpermitted connections of non-storm water 
discharges to separate storm sewers. Your options were to: 

- Discontinue any connections of non-storm water discharges to a separate storm sewer 
system ' 

- Obtain an NPDES permit for the non-storm water discharge. 
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I 

• Identified options for addressing any unresolved storm water discharge problems. 

• Gained management approval and acceptance of the plan. 
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2.4 IMPLEMENTATION PHASE 

At this point, you have designed your Storm 
Water Pollution Prevention Plan and the plan has 
been approved by facility management. This next 
section of the manual will guide you through the 
next major phase in the planning 
process-implementation. Specifically, you will: 

• Implement the selected storm water BMPs 

• Train all employees to carty out the goals of 
the plan. 

Implementing your plan will involve several steps: 

• Develop a schedule for implementation. For example, your schedule might include a deadline 
for putting improved housekeeping measures into practice. Should implementation involve 
certain types of modifications to your site (e.g., any construction), you will need to account 
for the time required to secure any necessary local or State permits. 

• Assign specific individuals with responsibility for implementing aspects of the plan and/or 
monitoring implementation. 

• Ensure that management approves of your implementation schedule and strategy and 
schedule regular times for reporting progress to management. 

Worksheet #8 (located at the end of Chapter 2) will help you list the schedule for implementation 
of your facility's plan. 
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2.4.2 Employee Training 

Employee training is essential to effective implementation of the Storm Water Pollution Prevention 
Plan. The purpose of a training program is to teach personnel at all levels of responsibility the 
components and goals of the Storm Water Pollution Prevention Plan. When properly trained, 
personnel are more capable of preventing spills, responding safely· and effectively to an accident 
when one occurs, and recognizing situations th~t could lead to storm water contamination . 

. The following sections include ideas about how to create an effective storm water pollution 
prevention training program for your facility. . 

Worksheet #9 (located at the end of Chapter 2) is designed to help you organize your employee 
training program. 

Spill Prevention and Response 

Spill prevention and response procedures are described in det~iI in Section 2.3.1. Discuss these 
procedures or plans in the training program in order to ensure all plant employees, not just those on 
the spill response teams, are aware of what. to do if a spill occurs. Specifically, all employees 
involved in the industrial activities of your facility should be trained about the following measures: 

• Identifying p,otential spill areas and drainage routes, including information on past spills and 
causes 

• Reporting spills to appropriate individuals, without penalty (e.g., employees should be 
provided "amnesty" when they report such instances) 

. • ,Specifying material handling procedures and storage requirements 

• Implementing spill response procedures. 

Onsite contractors and temporary personnel should also be informed of the plant operations and 
design features in order to help prevent acci~ental discharges or spills from occurring. 
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Good Housekeeping 

Also, teach facility personnel how to maintain a clean and orderly work environment. Section 
2.3.1 above outlines the steps for practicing good housekeeping. Emphasize these points in the 
good housekeeping portion of your training program: . 

• Require regular vacuumin~ and/or sweeping 

• Promptly clean up spilled materials to prevent polluted runoff 

• Identify places where brooms, vacuums, sorbents, foams, neutralizing agents, and other good 
housekeeping and spill response equipment are located . ' 

• Display signs reminding employees -of the importance and procedures of good housekeeping 

• Discuss updated procedures and report on the progress of practicing good housekeeping at 
every meeting 

• Provide instruction on securing drums and containers and frequently checking for leaks ,and 
spills 

• Outline a regular schedule for housekeeping activities to allow you to determine that the job' 
is being done. 

Materials Management Practices 

• Neatly organize materials for storage 

• Identify all toxic and hazardous substances stored, handled, and producedonsite 

• Discuss handling procedures for these materials. 

Tools For a Successful Training Program 

Here are some suggestions of training tools that you can includejn your facility's training program: 

• Employee handbooks 

• Films and slide presentations 

• Drills 

• Routine employee meetings 

• Bulletin boards 

• Suggestion boxes 

• Newsletters 

• Environmental excellence awards or other employee incentive programs. 
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Providing employees with incentives, such as awards for practicing 'pollution prevention, is a good 
way to motivate personnel in working to achieve the goals of the Storm Water, Pollution Prevention 
Plan. 

How Often to Conduct Training 

You should examine your plan to determine how often you should train the employees at your 
facility. Frequency should take into account the complexity of your management practices and the 
nature of your ~taff, including staff turnover and changes in job assignments. Facilities are required 
to specify a schedule for periodic training activities in their plan. In any case, you should regularly 
evaluate the effectiveness of your training efforts. In many cases~ this will simply involve speaking 
with your employees to verify that information has been communicated effectively. ' 

EPCRA. Section 313 FaciJity Requirements 
, , 

EPA's General Permit contains additionaL training requirements for employees and contractor 
personnel that work in areas where EPCRA, Section 313 water priority chemicals are used or 
stored [Part IV.D.7.b.(9).1. These individuals must be trained in the following areas at'least once 
per year: 

• Preventive measures, including spill prevention and resp~nse and preventive maintenance 

• Pollution control laws and regulations 

" The facility's Storm Water Pollution Prevention Plan 

" Features ,and operations of the facility which are designed to minimize discharges of Section 
313 wat~r priority chemicals, particularly spill prevention procedures. 
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2.5 EVALUATION PHASE 

Now that your Storm Water Pollution Prevention 
Plan has been put to action, you must keep it Up
to-date by regularly evaluating the information you 
collected in the Assessment Phase and the', 
controls you selected in the BMP Identification 
Phase. Specifically, 'you will: 

• Conduct site evaluations 

• Keep records of all inspections and r~ports 

• Revise the plan as needed. 

2.5.1 Annual Site Compliance Evaluation 

Qualified person .. n:e!::2:~::,·1~\;i~d~;;I~;"111111111111111111111111 
the plan at reast,";:' jl~~I~~lllllili your compliance 

• Inspect , for!ij'YliQ~iflcle;:::QfpOJ!~~ta. 

• EvaTuate true'e,ffecti'vei 
,d'.',."""";;",,, 

• 
• 

• 

• 

• 
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Annual site compliance evaluations are comprehensive inspections performed by individuals 
specifically designated in the Storm Water :Pollution. Prevention Plan as having responsibility for . . 
conducting such inspections. These employees should be familiar with all facility industrial 
operations and Storm Water Pollution Prevention Plan goals and requirements. Furthermore, 
inspectors should ·be able to make necessary management decisions or have direct access to 
management. 

This annual evaluation provides a basis for evaluating the overall effectiveness of your Storm Water 
Pollution Prevention Plan. In particular, the annual site compliance evaluation will allow you to 
verify that the description of potential pollutant sources contained in the plan is accurate, that the 
plan drainage map is accurate or has been updated to reflect current conditions, and that controls 
identified in the plan to reduce pollutants in storm water discharges are accurately identified, in 
place and working. The annual site compliance evaluation· will also identify where new controls are 
needed so that you may implement them and· incorporate them into the ,plan. 

The scope of the annual site compliance evaluation will depend on various factors, including the 
scope of the Storm Water poliution Prevention Plan and the size and nature -of the acti~ities 
occurring at the facility. The process for conducting the evaluation should follow these steps: 

~ Review the Storm Water Pollution Prevention Plan' and draw up a list of those items. which 
are part of material handling, storage, and transfer areas covered by the plan 

~ ':List all equipment and containment in these areas covered in the plan 

I> Review facility operations for the past year to determine if any more areas sho~lId be included 
in the original plan, or if any existing areas were modified so as to require plan modification; 
·change plan as appropriate· 

~ Conduct inspection to determine (1) if all storm watf:lr polluti~n prevention measures are 
accurately identified in the plan, and (2) are in place and working properly 

~ Document findings 

• Modify Storm Water Pollution Prevention Plan as appropriate. 

As each facility and Storm Water Pollution Prevention Plan is unique, so the exact inspection 
format will vary from facility to facility. All documentation regarding conditions necessitating 
modification to the Storm Water Pollution Prevention Plan should be kept on file as part of the plan 
until one year after coverage' under the permit expires. 

2.5.2 Recordkeeping and Internal Reporting 
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Keeping records of and reporting events that occur onsite is an effective way of tracking the 
progress of poll4tion prevention efforts and waste minimization. Analyzing records of past spills, 
for example, can provide useful information for developing improved BMPsto prevent future spills 
of the same kind. Recordkeeping and internal reporting represent good operating practices because 
they can increase the efficiency of the facility and effectiveness of BMPs. 

Recordkeeping and Reporting Procedures for Spills. Leaks. and Other Discharges 

A recordkeeping system set up for documenting spills, leaks, and other discharges, including 
discharges of hazardous substances "in reportable quantities (for a discussion of reportable 
quantities, see Section 2.2.3 and Appendix 1-1" could help your facility minimize incident 
recurrence, correctly respond with appropriate cleanup activities, and comply with legal 
requirements. The system for recordkeeping and reporting could also include any other information 
that would enhance the effectiveness of the Storm Water Pollution Prevention Plan. You should 
make a point of keeping track of reported incidents and following up on results of inspections and 
reported spills, leaks, or other discharges. " ' 

Records should include the following, as appropriate: 

• The date and time of the incident, weather conditions, duration. cause, environmental 
problems, response procedures, parties notified, recommended revisions of the BMP program, 

. operating procedures, andlor equipment needed to prevent recurrence. 

• Formal written reports. These are helpful in reviewing and evaluating the discharges and 
making revisions to improve the BMP program. Document all reports you call in to the 
National Response Center in the event of a reportable quantity discharge. For more 
information on reporting spills or other discharges, refer to Section 2.2.3 and 40 CFR 117.3 
and 40 CFR 302.4. 

• A list of the procedures for notifying the appropriate ptant personnel and the names and 
telephone numbers of responsible employees. This enables more rapid reporting of and 
response to spills and other incidents. 

Recordkeeping and Reporting Procedures for Inspections and Maintenance Activities 

Maintaining records for all inspections is an important element of any Storm Water Pollution 
Prevention Plan. Documenting all inspections, whether routine or detailed, is a good preventive 
maintenance technique, because analysis of inspection records allows for early detection of any 
potential problems. Recordkeeping also helps to devise improvements in the BMP program after. 
Inspection records have been analyzed: Recordkeeping and reporting for maintenance activities 
should also be a part of the plan as another preventive maintenance measure. Keeping a log of all 
maintenance activities, such as the cleaning of oil and grit separators or catch basins, will enable 
the facility to evaluate the effectiveness of the BMP program, equipment, and operation. 

There are various simple techniques used to accurately document and report inspection results 
including the following: . . 

• Field notebooks 

• Timed and dated photographs 
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., Video tapes 

., Drawings and maps. 

Keeping Records Updated 

It is important to keep all records updated on: 

• The, correct name and address of facility 

• The correct name and location of receiving waters 

• The number and location of discharge points 

• Principal products and production rates (where appropriate). 
" . , 

Records Retention 

Records of spills, leaks, or other discharges, inspections, and maintenance activities must be 
,retained for at least one year after coverage under the perm if expires~ 

2.5.3 Plan Revisions 

For your Storm Water Pollution Prevention Plan to be effective, you should ensure that your plan 
complies with any permit conditions that apply to your facility and that you have accurately 
represented facilitY features and operations. Should either of these conditions not be met by the 
plan, you must make the necessary changes. Either the managers of facilities or the permitting 
authority may recommend changes to the plan (see Section 2.6.4 for requirements). 

Storm Water Pollution Prevention Plans are developed based on site-specific features. When there 
are cha~ges in design, construction, operation, or maintenance, and that change will have a 

, significant effect on the potential for discharging pollutants in storm water at a facility, your Storm 
Water Pollution Prevention Plan ,should be modified to reflect the changes and new conditions. For 
example,if your facility begins to use a new chemical inits production operations, proper handling 
procedures for this chemical should be incorporated into the facility plan. 

You may also decide to change the plan because it has proven to be ineffective in controlling storm 
,water contamination based on the results of routine visual inspections (see Section 2.3.1) or more 
comprehensive site evaluations (see Section 2.5.1). 
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Chapter 2-Storm Water Pollution Prevention Plan 

2.6 GENERAL REQUIREMENTS 

This Section provides guidance on some of the 
administrative requirements related to organizing 
and developing your Storm Water' Pollution 
Prevention Plan. This information should be 
reviewed prior to beginning to develop your 
facility's Storm Water Pollution Prevention 'Plan. 
These requirements include: . 

• Deadlines for plan development and 
implementation 

• Who must sign the. plan 

• Where to keep the plan 

• How to make changes to the plan that are 
required by the Directo.·. 

2.6.1 Schedule for Plan Development and Implementation 
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The deadlines to complete and comply with or implement your facility's Storm Water PolI~tion 
Prevention Plan may depend on the type of permit under which your facility is covered. Be sure to 
read your permit carefully so that you know what the deadlines are. Many NPDES-delegated 
States may issue general permits for storm water that contain deadlines similar to the deadlines in 
EPA's General Permits. 

2.6.2 Required Signatures 
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To ensure that your facility's Storm Water Pollution Prevention Plan is completely developed and 
adequately implemented, your NPDES permit will generally require that an authorized facility 
representative sign and certify the plan. The authorized facility representative should be someone 
at or near the top of your facility's management chain, such as the president, vice president, or a 
production manager who has been delegated the authority to sign and certify this type of 
document. In signing the plan, the corporate officer is attesting that the information is true. tThis 
signature provides a basis for an enforcement action to be taken against the person signing the 

" plan and related reports. The permittee should be aware that Section 309 of the Clean Water Act 
provides for significant penalties where information is false or the permittee violates, either 
knowingly or negligently, its permit requirements. In some cases, your general permit may require 
certification of the plan by a professional engineer. Specific signatory requirements will be listed in 
your NPDES permit. . 

EPCRA, Section 313 Facility Plan Certification Requirements 

EPA's General Permit contains additional certification requirements for facilities subject to reporting 
under EPCRA, Section 313 for water priority chemicals [Part IV.D.7.b,(10),1. The plan must be 
reviewed and certified by a Registered Professional Engineer and recertified every three years or as 
soon as practicable after significant modifications are made to the facility, This certification that 
the plan was prepared in accordance with good engineering practices does not relieve the facility 
owner or operator of responsibility to prepare and implement the plan, however. 

2.6.3 Plan Location and Public Access 
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Although all plans are to be maintained onsite, some NPDES storm water permits may require that 
facilities submit copies of their Storm Water Pollution Prevention Plans to the Director for review. 
Exa"mine your permit carefully to determine what submittal requirements apply to your facility. 
Even if your permit does not require you automatically to submit your plan to your permitting 
authority, you must provide copies "of the plan to your permitting authority or to your municipal 
operator upon request, Plans and a~sociated records are available to the public by request through 
the permitting authority. 

2.6.4 Director-Required Plan Modifications 

Upon reviewing your plan, the permitting authority may find that it does nqt meet one or more of 
the minimum ~tandardsestablished by the pollution prevention plan requirements. In this case, the 
permitting authority will notify you of changes needed to improve the plan." " 

. For example, where a facility has not addressed spill response procedures fo(, a toxic chemical to' 
the extent that the permitting. authority-believes is necessary, the facility will be required to revise 
the procedures. The permitting authority retains the authority to make this type of request at any 
time during the effective period of the plan. In the notification, the permitting authority will 
establish a deadline for the incorporation of the required changes, unless the permit specifies a 
deadline. Permittees mayor may not have to certify that the requested changes have been 
.implemented depending on their specific permit conditions. You should examine your permit for 
such details. 
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2.7 SPECIAL REQUIREMENTS 

In addition to the minimum "baseline" BMPs 
discussed in previous, sections, 'facilities may be 
su'bject to additional "special" requirements. Not 
all facilities will have to include these special 
requirements in their Storm Water Pollution 
Prevention Plan. Be su.re to check your permit 
closely for these conditions. In particular, EPA's 

. General Permit includes special requirements for: 

• Facilities that discharge storm water 
through municipal sepa~ate' storm sewer 
systems 

• Facilities subject to EPCRA, Section 313 
reporting requirements 

• Facilities with salt storage piles. 

2.7.1 Special Requirements for Discharges Through Municipal Separate Storm 
Sewer Systems 

Discharges, ' 

Permittees must ... ,,;,.TI";'il.F.iiJitl 

developed under 
discharges, Dn)Vlllett:!' 

municipal OPlara'ror. 
specified in .'-'It_·~·~ . ...:; 

The November 16, 1990, storm water discharge permit application regulations require large and 
medium municipal separate storm sewer systems (systems serving a populatiol1 of 100,000 or 
more) to develop storm water management programs in order to control pollutants discharged 
through the municipal systems. These management programs will address discharges of industrial 
sto,rm water through the systems· to the extent that they are harmful to the water quality of 
receiving streams. Municipalities should be aware of the facilities with storm water discharges 
associated with industrial activitY that discharge into their separate storm sewer system because ' 
the November 16, 1990, final rule required these facilities to notify the municipal operator. In 
addition, facilities covered by general permits will typically be required to submit a copy of their 
NOI to the municipal operator. EPA emphasizes that it is the facility's responsibility to inform the 
municipality of all storm water discharges associated' with industrial activity to the separate storm 
sewer system. Facilities with such discharges that have not yet contacted the appropriate 
municipal authoritY should do so immediately. ' 

Although facility-specific Storm Water Pollution Prevention Plans for industries are designed to 
prevent pollutants from entering 'storm water discharges, the municipal operator may find it 
necessary to impose specific requirements on a particular industrial facility or class of industrial 
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facilities in some situations. One way to ensure tha1 facilities comply with these requirements is to 
include a provision in the facility's NPDES storm water discharge permit that directly~ requires 
compliance. This mechanism provides a· basis for enforcement action to be directed, where 
necessary, against the owner or operator of the facility with a storm water discharge associated 
with industrial activitY. 

2.7.2 Special Requirements for EPCRA, Section 313 Repo~ting Facilities 

Section 313 of EPCRA requires operators of manufacturing facilities that handle toxic chemicals in 
amounts exceeding threshold levels (listed at 40 CFR 372.25) to report to the government on an 
annual basis. Because these types of facilities handle large amounts of toxic chemicals; EPA 
concluded that they have an increased potential to degrade the water' quality of receiving streams. 
To address'this risk, EPA established specific control requirements in it$ general permit. In 
particular, these requirements apply to Section 313 facilities that report for "water priority 
chemicals" that include any of over 200 chemicals that have been identified by EPA as especially 
toxic to water ecosystems. For reference, Appendix I contains a list of Section 313 water priority 
chemicals. 

Many of the requirements outlined below are specifically designed to address the water quality 
concerns that toxic chemicals present. Incorporation of. these requirements into site-specific Storm 
Water Pollution Prevention Plans will prevent spills and leaks of w~er priority chemicals and ' 
eliminate or reduce other opportunities for exposure of toxic chemicals to storm water, thus 
protecting receiving streams from toxic discharges .. 

Specific Requirements 

The following specific control requirements must be practiced in areas where Section' '313 water 
priority chemicals are stored, handled, processed, or transferred: ' 

• Provide containment, drainage control, andlor diversionary structures: 

- Prevent 'or minimize runon by installing curbing, culverting, gutters, sewers, or other 
controls, andlor . . 

Prevent or minimize exposure by covering storage piles. 

• Prevent discharges from all areas: 

- Use manually activated valves with drainage controls in all areas, andlor 

- Equip the plant with a drainage system to return spilled material to the facility. 

• P-revent discharges from liquid storage areas: 

- Store liquid materials in compatible storage containers 

- Provide secondary containment designed to hold the volume of the largest storage tank 
plus precipitatio,n. 
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• Prevent discharges from loading/unloading areas: 

Use drip pans and/or 

- Implement a strong spill contingency and integrity testing plan. 

• Prevent discharges from handling/processing/transferring areas: 

- Use covers, guards, overhangs, door skirts . 

- Conduct visual inspections or leak tests for overhead pipir;tg. 

• Introduce facility security programs to prevent spills: 

- Use fencing, lighting, traffic control, and/or secure equipment and buildings. 

Additional requirements are baseline BMPs that have been enhanced to address specific storm 
water concerns associated with the handling of toxic chemicals: These additional requirements are 
highlighted in previous sections on the pages indicated below: 

Pollution Prevention Team p.2-5 

Preventive Maintenance . p. 2-27 

Spill Prevention Response p.2-34 -

Employee Training p.2-42 

Professional Engineer Certification p.2-49 

2.7.3 Special Requirements for Salt Storage Piles 

Facilities may use salt for de-icing purposes or part of their industrial processes. Since exposed salt 
piles will easily contaminate storm water runoff, an obvious BMP for these piles is to cover them 
with a tarp or other covering or enclose them in a shed or building. This requirement may not be 
applicable to all Storm Water Pollution Prevention Plans, however. Where runoff from the salt pile 
is not discharged to waters of the United States, then this requirement would not apply since the 
pollutants will not reach a waterbody. Since it may not be feasible to maintain cover over a salt 
pile when adding to it or taking salt from it, permits will generally incorporate some flexibility, as 
does EPA's General Permit. 
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STORM WATER POLLUTION PREVENTION PLAN WORKSHEETS 

Worksheet # 

Pollution Prevention'Team ' ...................................... ',' ......... ,1 
Site Map . ; . .. . . . . . . . . . . '. . . . . I • • • • • ',' • • • • • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • 2 
Material Inventory ......•... '. " .......... ' ' ....... ' ......................... 3 
Exposed Significant Materials . . . . . . . . . .,.'. . . . . . . . . . . . . . . . . . . .... . , . . . . . . . . . .'. . 3a 
List of Significant Spills and Leaks .........................................,.. 4 
Non-Storm Water Discharge Assessment . . ' ...... " ................... ' ........... 5 
Non-Storm Water Discharge Failure to Certify Form ............:..... '. . . . . . . : . . . . . 6 
Pollutant Source Identification ......... " . . . . . . : . . . . . . . . . . . . . . . . . . . .. . ~ . . . . . . 7 . 
BMP Identification ........................................... ' ... ' .. ',' .... . 7a 
Implementation Schedule ... ' ............. ' ... ' .. ; .......... ~ .... ' .. ',' , ........ 8 
Employee Training Program/Schedule ............. ' ........ , .................... 9 
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DEVELOPING A 

Instructions: Draw a map of your site including, a footprint of all buildings, structures, paved areas, and 
parking lots. The information below describes additional elements required by EPA's General 
Permit (see example maps in Figures 2.3 and 2.4). . 

EPA's General Permit requires that you indicate the following features on your site map: 

• All outfalls and storm water discharges 

• Drainage areas of each storm water outfall 

• Structural storm water pollution control measures, such as: 

Flow diversion structures 
- Retention/detention ponds 
- Vegetative swales 

Sediment traps 

• Name of receiving waters (or if through a Municipal Separate Storm Sewer System) 

• Locations of exposed significant materials (see,Section 2.2.2) 

• Locations of past spills and leaks (see Section 2.2.3) 

• Locations of high-risk, waste-generating areas and activities common on industrial, sites such as: 

Fueling stations 
Vehicle/equipment washing and maintenance areas 
Area for unloading/loading materials . ' 
Above-ground tanks for liquid storage 
Industrial waste management areas (landfills, waste piles; treatment plants, disposal areas) 
Outside storage areas for raw materials, by-products, and finished products 
Outside manufacturing areas 
Other areas of concern (specify: ________ , 
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Instructions: list all materials used, stored, or produced onsite. Assess and evaluate these materials for their potential to contribute pollutants to 
storm water runoff. Also complete Worksheet 3A if the material has been exposed during the last three years. 

Material Purpa.e/Locatlon Uied 

Quantity 
(unlta, 

ProdUC*l SlOred 

Quantity Expa.ed In Leat 
3 Veara 

Likelihood of contact with atorm water. If 
yea, deacrlbe relaon .. 

Plat Significant 
Spill or Leak 

V.a I No 

~ ~.. . 

m~I ____________________________________________________________________________________________________________ ~ 
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Worksheet #3A 
DESCRIPTION OF EXPOSED SIGNIFICANT MATERIAL Completed by: 

(Section 2.2.2) Title: 
Date: 

. 
Instructions: Based on your material inventory, describe the significant materials that were exposed to storm water during the past three years 

and/or ate currently exposed. ror the definition of "significant materials" see Appendix B of the manual. I 

Dlllcription of Explltlad Period of 
Quantltv Looatlon 

Mathod of Storaga or Dllplltllli Dlllcription of Mllterllli Managllment Prllctlce (e.g •• pile Explltled (al Indlcatad on the elte 
Slgnlflcllnt Mllterlal EXPOILUfI (unlt_) mllp) (e.g •• pH •• drum. tank) .- cover.d. drum eealed) 

.. 
----- -- - - ---
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Directions: Record below all significant spills and significant leaks of toxic or hazardous pollutants that have occurred at the facility in the three 
years prior to the effective date ofthe permit. 

1 st Yeor Prior 

Dote 
Spill 

2nd Vear 

r ··1 

Date 
Imonth/day/year) 

3rd.Vear Prior 

I I 
Date 

Imonth/day/year) Spill 

Leak 

Location 
las Indicated on lite 

map) 

wnnrw 

Location 
la8 Indicated on lite 

map) 

... ' .. " ................ ' .•.•. 

I 
Location 

lal, Indicated on lite 
Leak map) 

Type of Material 

··1" .•.................................... 

Type of Material 

Type of Material 

Quantity Source, If Known Reaaon 

Description 

QUantl~y I Source, If Known Reason 

."." ............ , .. " .. , ......• , ...... "," ........ 

Description 

Quantity Source, If Known Reason 

Amouhtof 
Materiel 

. Recovered 

Material No 
Longer Exposed 
to Stonn Water 

ITrue/Falle) 

Response Procedure 

Material No 
Amount of Longer Exposed 

Material to Stonn Water 
Recovered ITrue/Felle) 

............. "," ...•.•..... ' .. " .......•. 

Response Proced.ure 

Materl.1 No 
Amount of Longer Expoled 

Materia' to Storm Weter 
Recovered ITrue/Falae) 

Preventive 
Measures 

Taken 

Preventive 
Measures 

Taken 

Preventive 
Measures 

Taken 

~ •. ------------------------------~--------------------------------------------------------------------------------~ 
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NON-STORM WATER DISCHARGE 
Worksheet #5 
Completed by: 

ASSESSMENT AND CERTIFICATION Title: 
'(Section 2.2.4) Date: , 

Outfall Directly 
Date of Observed During the Method Used to Describe Results from Test for Name of Person Who 
Test or Test (Identify a8 Indicated on Test or Evaluate the Presence of Non-Storm Identify Potential Conducted ~he Test or 

Evaluation the a,lte map) Discharge Water Discharge Significant Sources Evalu"ation 

, 

CERTIFICATION 

I, (responsible corporate official), certify under penalty of law that this document and all attachments were 
prepared under my direction or supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the 
information submitted. Based on my inquiry of the person or persons who manage the system or those 'persons directly responsible for gathering 
the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and complete. I am a"."are that there are 
significant penalties for submitting false information, including the possibility of fine and imprisonment for knowing violations. 

A. Name & Official Title (type or print) B, Area Code and Telephone No. 

C. Signature D. Date Signed 

~ •• l-__________________ ~~ __________ ~ ____________________________________ --____ --____ --__ --____ --------------~ 
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. . 
Directions: If you cannot feasibly test or evaluate an outfa"due.to one of the following reasons, fill in the table below with the appropriate 
information and sign this form to certify the accuracy of the included information. . 

List all outfa"s' n9t tested or evaluated, describe any potential sources of non-storm water pollution from listed outfalls, and state ·the rea~on(s) why 
certification is not possible. Use the key from your site map to identify each outfall. 

Important Notice: A copy of this notific'ation must be signed and submitted to the Director within 180 days of the effective date of this permit. 

Identify Outfall Not 
Tested/Evaluated 

Description of Why Certification 
Is ~nfeasible 

, CERTIFICATION 

Desc~iption of Potential Sources of Non
Storm Water Pollution 

I certify under p~nalty of law that this' document and all attachments were prepared under my direction or supervision in accordance with a system 
design~d to assure ·that qualified personnel properly gather and evaluat~ the information submitted. Based on my inquiry of the person or persons 
who manage the system or those persons directly responsible for gathering the information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations, and that such notification has been- made to ,the Director within 180. days of ___ _ 
(date permit was issued), the effective date of this permit. .. 

A. Name & Official Title (type or print) B. Area Code and Telephone No. 

C. Signature D. Date Signed 

VlL' ............................................................................................................ ----~ 
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Worksheet #7 
POLLUTANT SOURCE IDENTIFICATION Completed by: 

(Section 2.2.6) Title: 
Date: ,. 

Instructions: List all identified storm water pollutant sources and describe existing management practices that address those sources. In the third 
column, list BMP options that can be incorporated into the plan to address remaining sources of pollutants. I 

Storm Water Pollutant Sources Existing Management Practices Description of New BMP Options 

1. 

2. 

, 

3, 

4, 

5. 

6. 

7. -

8. 

9. 

10. 
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Instructions: Describe the Best Management Practices that you have selected to include in your plan .. For each of the baseline BMPs, 
describe actions that will be incorporated into facility operations. Also describe any additional BMPs [activity-specific 
(Chapter 3) and site~specific BMPs (Chapter:4)] that you have selected. Attach additional sheets' if necessary. - ' 

BMPs Brief Description of Activities 

Good Housekeeping 

. . 

Preventive Maintenance 

Inspections 

~ I Spill Prevention Response 

~ Ijj I Sediment and Erosion Control I 

Management of Runoff 

Additional BMPs , 
(Activity~specific and Site-specific) 

O1i' ...................................................................................................... --------------------~ 
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Worksheet #8 
IMPLEMENTATION Completed by: 

(Section 2.4.1) Title: 
Date: 

Instructions: Develop a schedule for implementing each BMP. Provide a brief description of each BMP, the steps necess.ary to implement the BMP 
(i.e., any construction or design), the schedule for completing those steps (list dates) and the person(s) responsible for 
implementation. 

Scheduled i 
Completion Person 
Date(s) for Responsible 

BMPs Description of Actlon(s) Required for Implementation Req'd. Action for Action Notes 

Good Housekeeping 1. 

2. 

3. 

Preventive Maintenance 1. 

2. 

" 3. 

Inspections 1. 

2. 

3. 

Spill Prevention and Response 1. 

2. 

3. 

Sediment and Erosion Control 1. 

2. 

3. 

Management of Runoff 1. 

2. 

3. 

Additional BMPs 1. 
(Actively-specific and site-specific) 

2 . 

3. 
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Instructions: Describe the employee training program for your facility below. The program should, at a minimum, address spill prevention ·and 
response, good housekeeping,. and material management practices. Provide a schedule for the training program and list tl1e 
employees who attend training sessions. 

Training Topics 

Spill Prevention and Response 

Good Housekeeping 

Material Management Pr~ctices 

Other Topics 

..... 

Brief Description ot-Tralnlng 
Program/Milterials (e.g., film, newsletter 

course) 
Schedule for Training 

(list dates) Attendees 

~~'--"""""""""""""""""""""""""""""""----------------------__________________ -. __ -.J 
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-CHAPTER 

3 
ACTIVITY-SPECIFIC SOURCE CONTROL BMPs' 

This chapter describes specific BMPs for common indust'rial activities that may contaminate storm 
water. Chapter 2 led 'you through the steps "of identifying. activities at your facility that can 
contaminate storm" water. At this point, you should be ready to choose the BMPs that best fill your 
facility's need. You should read this chapter if any of the activities listed below take place at your 
facility. BMPs for each of these activities are provided in the sections listed below: "" 

::i;i:i~:~:1;::~il:::l:I~II:~::::111\:::f,i:li~::!~1~ii1:11:::ill::~:~li:m:~~I:i:::;:::I":::::;:::ii~:~:l~:]:l:::l":;j:::::?::!!ij:!~::::::::!:::::;::!;t~~:::~:l: ::~;;::;":::;/:::;;:::~~ji~~::::;:::i:::::::::::i:~l 
Fueling 3.1 

Maintaining Vehicles and Equipment 

Painting Vehicles and Equipment 

Washing Vehicles and Equipment 

Loading and Unloading Materials 

Liquid Storage in Above-Gro!Jnd Tanks 

Industrial Waste Management and Outside 
Manufacturing 

Outside Storage of Raw" Materials, 
By-Products, or Finished Products 

Salt Storage 

3.2 

3.3 

3.4' , 

3.5 

3.6 

3.7 

3.8 

3.S 

Each ,!?ection is presented in a question and answer format. By answering these questions, you will 
be able to quickly identify source controls or recycling BMPs that are suitable for your facility. The 
BMPs suggested are relativ~ly easy to use, are inexpensive, and often are effective in removing the" , 
source of storm water contaminants. This is not a complete list of BMPs for every inqustrial 
activity; rather, it is meant to help you think about ways you can reduce storm water . 
contamination on your site. You may want to contact one of the State or Federal pollution 
prevention assistance offices listed in Appendix 0 for suggestions or help in choosing or using 
these and other BMP options. 
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3.1 BMPs FOR FUELING STATIONS 

When storm water-mixes with fuel spilled or leaked onto the ground. it becomes polluted· with 
chemic8ts th8t 8re harmful to humans and to fish and wildlife. The following questions will help you 
identify 8ctivities that can contaminate storm water and suggest BMPs to reduce or eliminate storm 
water contamination from fueling stations. Read this section if your facility has outdoor fueling 
operatj·ons or if fueling occurs in areas where leaks or spills could contaminate storm water. Also refer 
to the BMPs listed in Section 4.2 on Exposure Minimization. 

Q. Have you installed spill and overfill 
prevention equipment? 

Fuel overflows during storage tank filling are a major 
source of spills. Overflows can be prevented. Watch the 
transfer constantly to prevent overfilling and spilling. 
Overfill prevention equipment automatically shuts off flow, 
restricts flow, or sounds an alarm when the tank is almost 
full. Federal ,regulations require overfill prevention 
equipment on all Underground Storage Tanks (USTs) 
installed after December 1988. For USTs installed before 
December 1988, overfill prevention equipment is required 
by 1998. State or local regulations may be stricter, so 
contact your State and/or local government for details. 
Consider installing overflow prevention equipment sooner 
than the required deadline as part of your pollution 
prevention plan. 

Q. Are vehicle fuel tanks often "topped off"? 

Gas pumps automatically shut off when the vehicle fuel tank is almost full to prevent spills. Trying 
to completely fill the tanks or topping off the tank often results in overfilling the tank and spilling 
fuel. Discourage topping off by training employees and posting signs. . 

Q. Have you taken steps to protect fueling areas from rain? 

Fueling areas can be designed to minimize spills, leaks, and incidental losses of fuel, such as vapor 
loss, from coming into contact with rain water: .. . 

• Build a roof over the fuel. area. 

• Pave the fuel area with concrete instead of asphalt. Asph~lt soaks up fuel or can be 
slowly dissolved by fuel, engine fluids, and other organic liquids. Over time, the 
asphalt itself can become a source of storm water contamination. 
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O. Is runon to the fueling area minimized? 

Ru. non is storm water ge~erated from other areas that flows or "runs on" to your property or site. . . 
Runon flowing across fueling areas can wash contaminants into storm· d~ains. .Runoh can be 
minimized by: 

• Grading, berming, .or curbing the area around the fuel site to direct runon away from the 
fuel area 

• Locating roof downspoUts so storm water is directed away from fueling areas 

• Using valley gutters to route storm water around fueling area. 

O. Are oil/water separators or oil and. grease· traps installed in storm drains in the 
fueling area? 

Oil/water separators and oil and grease traps are devices that reduce the amount of. oil entering 
tStorm drains. These devices should be installed and routinely inspected, cleaned, and maintained. 

, . 

O. Is the fueling area cleaned by hosing or washing? 
. '. ' 

Cleaning the fueling area with running water should be avoided because the wash water will pick 
up fuel, oil, and grease and make it storm water. Consider using a damp cloth on the 'pumps and a 
damp mop on the pavement rather than a hose. Check with your local Sewer authority about any 
treatment required before discharging ,the mop water or wash water to the sanitary sewer. 

O. Do you control petroleum spillS? 

Spills should be controlled immediately. Small spills-can be 
contained using sorbent material such as kitty litter, straw, or 
sawdust. Do not wash petroleum spills into the. storm drain or 
sanitary sewer. For·moreinformation on spill control measures, 
see sections on Containment Diking and CurbinQ in Chapter 4. 

, . 

:;0. 

O. Are employees aware of ways to reduce 
contamination of storm water at fueling 
stations? 

Storm water contamination from fueling operations often occurs 
from small actions' such as topping off fuel tanks, dripping 
engine fluids, and hosing down fuel areas. Inform employees 
about ways to eliminate or reduce storm water contamination. 
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Q. Where does the water drain from your fueling area? 

In many cases, wash water and storm water in fueling areas drain directly to the storm sewer 
without adequate tre~tment. Some types of oil/water separators installed at these locations can 
provide treatment to discharges from oil contaminated pavements, but this equipment is only 
effective when properly maintained (i.e., cleaned frequently).· Some States require that these 
discharges be tied in to a sanitary sewer system or process wastewater treatment system. If 
discharges from fueling or other high risk areas at your facility drain to a sanitary sewer system, 
you should inform your local POTW.. . 
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3.2. BMPs FOR VEHICLE AND EQUIPMENT MAINTENANCE 

Many vehicle and equipment maintenance operations use materials or crea~e wastes that are harmful 
to ,humans and the environment. Storm water runoff from areas where, these activities occur can 
become polluted by a variety of contaminants such as solvents and degreasing products, waste 
automotive fluids, oils and greases, acids. and c~stic wastes •. These and other harmful substances 

, in storm water can enter water bodies through storm drains or through small streams where they can 
harm fish and wildlife. ' 

The following questi~ns will help you find sources of storm water contamination from vehicle and 
equipment maintenance operations on your site and to help you choose BMPs that can reduce or 
eliminate these sources. 

Q. Are parts cleaned at your facility? 
~ 

Parts are often cleaned using solvents such as 
trichloroethylene, ',', '-trichloroethane or 
methylene chloride. Many of these cleaners are 
harmful and must be disposed of as a hazardous 
waste. Cleaning without using liquid cleaners 
whenever possible reduces waste. Scrape parts 
with a wire brush, or use a bake oven if one is 
available. Prevent spills and drips of solvents and 
cleansers to the shop floor. Do all liquid cleaning 
at a centralized. station so the solvents and 

. residues stay in one area. If you dip parts in liquid, 
remove them slowly to avoid spills. locate drip 
pans, drain bo~rds, and drying racks to direct drips 
back into a sink or fluid holding tank for reuse. 

Q. Have you looked into using 
nontoxic or less toxic cleaners or 
solvents? 

If possible, eliminate or reduce the number or 
amount of hazardous materials and waste by 
substituting 'nonhazardous or less hazardous 

,materials. For example: 

• Use noncaustic detergents instead of caustic 
cleaning agents for parts cleaning (ask your 
supplier about alternative cleaning agents). 

• Use detergent-based or water-based cleaning' , 
, systems in place of organic solvent degreasers. Wash 'water may re'quire treatment before it 
can be qischarged to the sanitary sewer. Contact your local sewer authority for more 
information. 

- ' 

• Replace chlorinated organic solvents (1,1, 1-trichloroethane, methylene chloride, etc.) with 
nonchlorinated solvents. Nonchlorinated solvents like kerosene or mineral spirits are less 
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toxic and less expensive to dispose of but are by no means harmless themselves. Check the 
list of active ingredients to see whether it contains chlorinated solvents. 

• Choose cleaning agents that can be recycled. 

Contact your supplier or trade journal for more waste minimization ideas. 

Q. Are work areas and spills washed or hosed down with water? 

Clean up leaks, drips, and other spills without large amounts of water. Use rags for small. spills, a 
damp mop for general cleanup, and dry absorbent'material for larger spills. Consider the following 
~~ . 

• Avoid hosing down your work areas. 

• Collect leaking or dripping fluids in drip pans or containers .. If different liquids are kept 
separate, the fluids are easier to recycle. . 

• Keep a drip pan under the vehicle while you unclip hoses, unscrew filters, or remove other 
parts. Use a drip pan under any vehicle that might leak while you work on it to keep 
splatters or drips off the shop floor. 

• Promptly transfer used fluids to the proper waste or recycling drums. Don't leave full drip 
pans or other open contain~rs lying around 

• Locate waste and recycling drums in properly controlled areas of the yard, preferably areas 
with a concrete slab and secondary containment. 

Q. Are spills or materials washed or poured dow~ the drain? 

Do not pour liquid waste to floor drains, sinks, outdoor storm drain inlets, or other storm drains or 
sewer connections. Used or leftover cleaning solutions, solvents, and automotive fluids and oil are 
often toxic and should not be put into the sanitary sewer. Be sure to dispose of these materials 
properly or find opportunities for reuse and recycling. If you are unsure of how to dispose of 
chemical wastes, contact your State hazardous waste management agency or the RCRA hotline at 
1-800- 424-9346. Post signs at sinks to remind employees, and paint stencils at outdoor drains to 
tell customers and others not to pour wastes down drains. ' 

Q. Are oil filters complet~ly drained before recycling or disposal? 

Oil filters disposed of in trash cans or dumpsters can leak oil and contaminate storm water. Place 
the oil filter in a funnel over the waste oil recycling or disposal collection tank to drain excess oil 
before disposal. Oil filters can be crushed and recycled. Ask your oil supplier or recycler about 
recycling oil filters. 
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'0. Are incoming vehicles and equipment checked for leaking oil and fluids] . 

If possible, park vehil;:les' indoors or under a roof so storm water does not contact the area. If you 
park vehicles outdoors while they await repair, watch them closely for leaks. . 

Put pans under leaks to collect fluids for proper recycling or disposal. Keeping leaks off the ground 
reduces the potential for storm water contamination and reduces cleanup time and costs. If the 
vehicle or equipment is to be stored outdoors, oil and other fluids should be drained first. 

Designate a special area to drain and replace motor oit'coolant, and other fluids, where there are 
no connections to the storm drain or the sanitary sewer and drips and spills can be easily cleaned 
up. 

Q. Are wrecked vehicles or damaged equipment st9red onsite t 

Be especially careful with wrecked vehicles, whether you keep them indoors or out, as well as with 
vehicles kept onsite for scrap or salvage. Wrecked or damaged vehicles: often drip oil and other 
fluids for several days. . . 

• As the vehicles arrive~ place drip pans under themimm~diately, even if you believe that all 
fluids have leaked out before the car reaches your shop. . 

• Build a shed or temporary roof over areas where you park 
cars awaiting repairs or salvage, especially if you handle 
wrecked vehicles. Build a roof over vehicles you keep for 
parts. 

• .Drain all fluids, including air conditioner coolant, from 
wrecked 'vehicle~ and "parts!" car$. Also drain engi~~, 
transmissions, and other used parts. . . 

• Store cracked batteries in a nonleaking secondary 
container. 0.0 this with all cracked batteries, even if you 
think aU the acid has drained out. If you drop a battery; 
treat it as if it is cracked. Put it into the containment area 

. until you are sure it is not leaking. 

Q. Do you recycle any of these materials? 

• Degreasers 

• ·Used oil or oil filters 

• Antifreeze 

• Cleaning solutions 

• Automotive batteries 

• Hydraulic fluid. 
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All of these materials can be either recycled at your facility or sent offsite for recycling. Some 
recycling options, ranked by level, of effort required, follow: 

least Effort: 

• Arrange for collection and transportation of car batteries, used oil and other 
fluids, cleaning solutions, and degreasers to a commercial recycling facility. 
This requires that you separate wastes and store them until they are picked 
up by ihe recycling company. 

• "Dirty" solvent can be reused. Presoak dirty parts in used solvent before 
cleaning the parts in fresh solvent. 

Moderate Effort: 

• Used oil, antifreeze, and cleaning solutions can be recycled onsile !-Ising a 
filtration system thaf removes impurities and allows the fluid to be reused. 
Filtration systems are commercially available. 

Most Effort: 

• Install an onsite solvent recovery unit. If your facility creates large volumes of 
used solvents, you may consider purchasing or leasing an onsite still to 
recover the solvent for reuse. Contact your State hazardous waste 
management agency for more information about onsite recycling of used 
solvents. 

Q. Can you reduce the number of 
different solvents used? 

Reducing the number of solvents makes recycling easier 
and reduces hazardous waste management costs. Often, 
one solvent can perform a job ,as well as two different 
solvents. 

Q. ~re wastes separated? 

Separating wastes allows for easier recycling and may 
reduce treatment costs. Keep hazardous and non-
hazardous wastes separate, do not mix used oil and . 
solvents, and keep chlorinated solvents (like 1,1, 1-trichloroethane) separate from nonchlorinated 
solvents (like kerosene and mineral spirits). Proper labeling of all wastes and materials, will help 
accomplish this goal (see Signs and Labels BMP). , 
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9. Do you use recycled pr()ducts? I-

, - -

Many products made of recycled {j.e., refined or purified} -materials are available. Engine oil, 
transmission fluid, antifreeze, and hydraulic fluid are available in recycled form. Buying recycled 
products supports the market for recycled materials. 

, ,-
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3.3 BMPs FOR PAINTING OPERATIONS 

Many painting operations use materials or create . wastes that are harmful to humans and' the 
environment. Storm water runoff from areas where these activities occur can become polluted by a 
variety of contaminants such as solvents and dusts from sanding and grindir:tg that contain toxic metals 
like cadmium and mercury. These and other potentially harmful substances in' storm water can enter 
water bodies directly through storm drains where they can harm fish and wildlife. 

The following questions will help you identify potential sources of storm water contamination from 
painting operations on your site and BMPs that can reduce or eliminate these sources. Reading-this 
section can help you eliminate. reduce; or recycle pollutants that may otherwise contaminate storm 
water. 

Q. Is care taken to prevent paint 
wastes from contaminating 
storm water runoff? 

Use tarps and vacuums to collect solid wastes 
produced by sanding or painting. Tarps, drip pans, 
or other spill collection devices should be used to 
collect spills .of paints, solvents, or other liquid 
materials. These wastes should be disposed of 
properly to keep them from contaminating storm water. 

Q. Are wastes from sanding contained? 

Prevent paint chips from coming into contact with storm water. Paint chips.may contain hazardous 
metallic pigments or biocides. You can reduce contamination of storm water with paint dust and 
chips from sanding by the following practices: '. 

• Avoid sanding in windy weather when possible. 

• Enclose outdoor sanding areas with tarps or plastic sheeting. Be sure to provide adequate 
ventilation and personal safety equipment. After sanding is complete, collect the waste and 
dispose of it properly. 

• Keep workshops clean of debris and grit so that the wind will not carry any waste into areas 
. where it can contaminate storm water. . 

• Move the activity indoors if you can do so'safely. 

Q. Are parts inspected before painting? 

Inspect the part or vehicle to be painted to ensure that it is dry, clean, and rust free. Paint sticks 
to dry, clean surfaces, which in turn means a better, longer-lasting, paint job. 
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Q. Are you using painting equipment 'that creates little waste? 

As little as 30 percent of the paint may reach the target from conventional airless spra,y guns; the 
rest is lost as overspray. Paint solids from overspray are deposited on the ground where they can 
contaminate ,storm water. Other spray equipment that delivers more paint to the target a,nd less 
.overspray should be used: 

• Electrostatic spray equipment 

• Air-atomized spray Quns 

• High-volume/low-pressure spray guns 

• Gravity-feed guns. 

Q. Are employees trained to use spray equipment correctly? 

Operator training, can' reduce overspray and minimize the amount of paint solids that can ' 
contaminate storm water. Correct spraying techniques also reduce. the amount of paint needed per 
job. If possible, avoid spraying on windy days. When spraying outdoors, use a drop cloth or 
ground cloth to collect and dispose ,of overspray: . 

Q. Do you recycle paint, paint thinner ~ or solvents? 

These materials can either be recycled at the facility or sent offsite for recycling. Some recycling \ 
options ranked by the level of effort required follow. 

Least Effort: 

• Dirty solvent can be reused for cleaning dirty spray equipment and parts 
. b~fore equipment is cleaned in fresh solvent. 

• Give small amounts of left-over paint to the customer for touchup. 

~oderate Effort: 

• Arrange for collection and transportation of paints, paint thinner, or spent 
solvents to a commercial recycling facility. 

Most Effort: ., 

• ,Install an on site solvent recovery unit. If your facility creates large volumes of 
used solvents, paint, or paint thinner, you may consider buying or leasing an 
onsite still to recover used solvent for reuse. Contact your State hazardous 
waste management agencyfo.r more information about onsite recycling of 
used solvents. 
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Q. Are wastes separated? 

Separating wastes makes recycling easier and may reduce treatment costs. Keep hazardous and 
nonhazardous wastes separate, and keep chlorinated solvents (like 1,1, 1-trichloroethane) separate 
from nonchlorinated solvents (like petroleum distillate and mineral spirits). Check the materials data 
sheet for ingredients, or talk with your waste hauler or recycling company to learn which waste 
types can be stored together and which should be separated. 

Q. Can you reduce the number of solvents you use? 

Reducing the number of solvents makes recycling easier and reduces hazardous waste 
management costs. Often, one solvent can do a job as well as two different solvents. 

Q. Do you use recycled products? I 
Many products made of recycled (i.e., refined or purified) materials are available. Buying recycled 
paints, paint thinner, or solvent products helps build the market for recycled materials. 
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3.4 BMPs FOR VEHICLE AND EQUIPMENT WASHING 
. , , 

Washing vehicles and equipment outdoors or in areas where wash water flows onto the ground can 
·pollute storm water. Wash water can contain high. concent-rations of oil and grease, phosphates, and 
high suspended solid loads (these and other potentially harmful substances canpollutest~)(m water 
when deposited on the ground where they can be picked up by rainfall runoff •• Vehicle wash water 
is considered to be a process wastewater and needs to be covered by an NPDES permit. Contact your 
permitting authority for information about how vehicle wash water is being regulated in your area. 

The following questions are designed to help you find sources of storm water contamination from 
vehicle and equipment washing and to select BMPs to reduce those sources_ Reading this section can 
help you eliminate, reduce, or recycle pollutants that otherwise may contaminate storm water. Also 
refer to Vehicle Washing BMP in Section 4.4. 

Q., Have you considered using 
phosphate-free biodegradable 
, detergents? 

Phosphates, which are plant nutrients, can cause 
excessive growth of nuisance plants in water when 
they enter lakes or streams in wash' water. Some 
States ban the use of detergents containing high 
amounts of phosphates. Contact your supplier 
abQut phosphate-free biodegradable detergents 
that are available on the market. 

Q. A~e v~hicles, equipment, or parts 
washed over the open ground? 

UseQ wash water contains high concentrations of 
solvents, oil and grease, detergents, and metals. Try not 
to wash parts or equipment outside. Washing 'over 
impervious surfaces like concrete, blacktop, or 
hardpacked dirt allows wash water to enter storm drains 
directly or deposits contaminants on the ground, where 
.they are washed into storm drains when it rains. Washing 
over pervious ground such as sandy soils potentially can 
pollute ground water. Therefore, sm~1I parts'and 
equipment washing should be done over a parts washing 
container where the wash water can be collected and 
recycled or disposed of properly. ' , 

If you are washing large equipment or vehicles, and, have to wash outside, designate a specific area 
for washing. This area should be bermed to collect the wastewater and graded to'direct the wash 
water to a treatment facility.' Consider filtering and recycling, vehicle wash water. If recycling is 

, not practical, the wastewater can be discharged to the sanitary sewer. Contact your local sewer' 
authority to find out whether treatment is required before wash water is discharged to the sewer 
(pretreatment). ' 

September 1992 ,3-13 

NWMAR 117331 



Chapter 3 -Activity-Specific Source Control BMPs 

vEHIC~· AND EQUIPMENT WASHING BMPs 
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3.5 BMPs FOR LOADING AND UNLOADING MATERIALS 

. loading/unloading operations usually take place outside on docks or terminals. Materials spilled, 
leaked, or lost during loading/unloading may collect in the soil or on other surfaces and be carried away 
by rainfall runoff or when the area is cleaned. Rainfall may wash off pollutants from machinery used 
to unload or load materials. The following questions are designed to help yoafind sources of storm 
water contamination from loading and unloading materials and chooseBMPs to reduce or eliminate 
those sources. Reading this section can start you on the road to eliminating, reducing, or recyclmg 
pollutants that otherwise may contaminate storm water. Also refer' to the BMP on loading and 
.Unloading by Air Pressure c>r Vacuum in Section 4.2. 

Q. Are tank trucks and material delivery 
vehicles located where spills or leaks 
can be contained? 

Loading/unloading equipment and vehicles' should be 
located so that leaks can be contained in existing 

. containment and flow diversion systems .. 

Q. Is loading/unloading equipment 
checked regularly for leaks? 

Check vehicles and equipment regularly for leaks, and 
fix any leaks promptly. Common areas for leaks are 
valves, pumps, flanges, and .connections. look. for 
dust or fumes. These are signs that material is being 
lost during unloading/loadingoperations. 

Q. Are.loading/unloading docks or areas covered to prevent exposure to rainfall? 

Covering loading and unloading areas~ such as building overhangs at loading docks, can reduce 
.exposure of materials, vehicles, and equipment to rain. . 

Q. Are loading/unloading areas designed to prevent storm waterrunon? 

Runon is storm water created from other areas that flows or "runs on" to your property or site. 
Runon flowing across loading/unloading areas can wash contaminants into storm drains. Runon 
can be minimized by: . 

• Grading, berming, or curbing the area .around the loading area to direct runon away from the 
area 

• Positioning roof down spouts so storm water is directed away from loading sites and 
equipment and preferably to,a grassy or vegetated area where the storm water can soak. into 
the ground.' . 
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SUMMARY'OF LOAOING/UNLOADINGOPERATIONS BMPs 

. ..,. . • Contain leakS during'tniu1Sfer. ,'. ":: 

;,i:.·.;·,· ... :.+~.~·,~~.,i'f,.:.:t,~.i· .. t.i.:fjlti,;.: .. :~,;.f .. o,.·.·f.~.a 
- - - - . :.: , :':'; :.:~.;,".~;. /'" : .. '.:: 
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3.6 BMPs" FOR LIQUID STORAGE IN ABOVE-GROUND TANKS 

Accidental releases'O'f chemicals from above-ground liquid storage tanks can contaminate storm water 
,with many differe'nt pollutants. Materials spilled, leaked, or lost from storage tanks may accumulate 
in soils or on other surfaces and ~e carried away. by rainfall, runoff. The following questions can help 
you find sources of storm water contamination from above-ground storage tanks and select BMPs to, 
reduce or eliminate those sources.' Also refer of the BMPs listed in Section 4.2 on exposure 
~inimization and Section 4.3 on exposure mitigatiolll for more information. 

Q. Do storage tanks contain liquid' 
hazardous materials, hazardous 
wastes, or oil? 

Storage of oil and hazardous materials must meet 
specific standards set by Federal and State laws. 
These standards include SPCC plans, secondary 
containment, installation,'integrity and leak detection 
monitoring, and emergency preparedness plans. 
Federal regulations set specific standards for 
preventing runon and collecting runoff from hazardous 
waste storage, disposal, or treatment areas. These 
standards apply to container storage areas and other 
areas used to store, treat, or dispose of hazardous 
waste. If the collected storm water is a hazardous 
wa'ste, it must be managed as a hazardous waste in 
accordance with all. applicable State .and Federal 
environmental regulations. States, may also have 
standards about controlling runon and runoff ftom 
hazardous waste treatment, storage, and. disposal . 
areas. To find out more about storage requirements, call the toll-free EPA RCRA hotline at 
1-800-424-9346 or contact your State hazardous waste management agency; 

Q. Are operators trained in correct operating procedures and safety activities? 

Well-trained employees can reduce human errors that 'lead to accidental releases or spills. 

Q. Do you have safeguards against accidenta'i releases? 

Engineered safeguards can help prevent operator errors that may cause the accidental release of 
pollutants. Safeguards include: 

• Overflow protection devices on tank systems to warn the operator or to automatically. shut 
down transfer pumps when the tank reaches full capacity . . . 

• Protective guards around tanks and pjping to prevent vehicle or forklift damage 

• Clearly tagging or labeling of valves to reduce human error. 
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Q. Are the tank systems inspected and is tank integrity tested regularly? 

Visually inspect the tank system to identify problem areas before they lead to a release. Correct 
any problems or potential problems as soon as possible. An audit of a newly installed tank system . 
by a registered and specially trained professional engineer can identify and. correct potential 
problems such as loose fittings, poor welding, and improper or poorly fitted gaskets. After 
installation, have operators visually inspect the tank system on a routine basis. Areas to inspect 
include tank foundations, connections, coatings, tank walls, and the piping system. Look for 
corrosion, leaks, straining of tank support structures from leaks, cracks, scratches in protective 
coatings, or other physical damage that may weaken the tank system. Integrity testing should be 
done periodically by a Qualified professional. 

Q. Are tanks bermed or surrounded by a secondary containment system? 

A secondary containment system around both permanent and temporary tanks allows leaks to be 
more easily detected and contains spills or leaks. Methods include berms, dikes, liners, vaults, and 
double-walled tanks. See Chapter 4 for additional information on containment and spill control. 
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3.7 BMPsFOR INOUSTRIAL WASTE MANAGEMENT AREAS AND OUTSIDE 
MANUFACTURING' 

Storm water runoff from areas where industrial waste' is stored. treated.' or disPQsed of can be 
polluted. Outside manufacturing activities can also contaminate storm water runoff. Activities such 
as rock grinding or crushing. painting or coating. grinding or sanding. degreasing or parts cleaning. or 
operations that use hazardous materials are particularly dangerous. Wastes spilled. leaked. or lost from 
waste management areas or outside manufacturing activities may build-up in soils or on other surfaces 
and be carried away by rainfall runoff. There is also a potential for liquid wastes from lagoons o'r 
surface impoundments to overflow to surface waters or soak the soil where they can be picked up by 
storm water runoff. Possible storm water contaminants include toxic compounds. oil and grease. 
paints or solvents. heavy metals. and high levels of suspended solids. 

The best way to reduce the potential for storm water contamination from both waste management 
areas and outside manufacturing 'activities is to reduce the amount of waste that is created and. 
consequently. the amount that must be stored or treated. The following questions are designed to help 
you find BMPs that can eliminate or reduce "the amount or toxicity of industrial wastes as well as 
minimize contamination of storm water from existing waste management areas. Waste reduction 
BMPs are appropriate for a wide range of industries ,and are designed to provide ideas on ways to 
reduce wastes. Tum to Appendix 0 for a list of State and Federal pollution prevention resources that 
can provide more information and assistance in choosing industrial waste reduction BMPs. 

Q. Have you looked for ways to reduce 
waste at your facility? 

The first step to reducing wastes is to assess 
activities at your facility. The 'assessment is designed 
to find situations at your facility where you can 
eliminate or reduce waste generation. emissions, and 
environmental damage. The assessment involves 
steps very similar to those used to develop your 
Storm Water Pollution Prevention Plan, .such as 
collecting process-specific information; setting 
pollution prevention targets; and developing, 
screening, and selecting waste reduction options for 
further study. Starting a waste reduction progiam at 
your facility has many potential benefits. Some .of 
these benefits are direct (e.g., cost savings from 
reduced raw material use), while 'others are indirect 
(e.g., avoided waste disposal fees) . 

. EPA has developed a series of industry-specific 
pollution prevention waste minimization guidance 
manuals. The manuals contain steps for assessing your facility's' opportunity for reducing waste 
and describe source reduction and recycling choices. The manuals currently available are listed in 
Appendix D. . 
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Q_ Have you considered 
waste reduction BMPs? 

There are many different types of BMPs that can 
help eliminate or reduce the amount of industrial 
waste generated at your facility. Some of these 
BMPs are listed below and referenced in Appendix 
D. 

• Production planning and sequencing 

• Process or equipment modification 

• Raw material substitution or elimination 

• Loss prevention and housekeeping 

• Waste segregation and separation 

• Closed-loop recycling 

• Training and supervision 

• Reuse and recycling. 

OUTSIDE MANUFACTURING ACTIVITIES 
OR SITUATIONS THAT' CAN 

CONTAMINATE' STORM WATER: 

• ProceSs~£of eQuipm~itt·that generate' . 
:~u·$tS~.vapo~s; orei:O!$si~ns . 

Q. Are industrial waste management and· outside manufacturing areas checked 
often for spills and leaks? 

By checking waste management areas for leaking containers or spills, you can prevent wastes from 
contaminating storm water. Look for containers tha~ are rusty, corroded, or damaged. Transfer 
wastes from these damaged containers into safe containers. Close the lids on dumpsters to 
prevent rain from washing wastes out of holes or cracks in the bottom of the dumpster. In outside 
manufacturing areas, look for leaking equipment (e.g., valves, lines, seals, or pumps) and fix leaks 
promptly. Inspect rooftop and other outdoor equipment (e.g.~ HVACdevices, ail" pollution control 
devices, transformers, piping, etc.) for leaks or dust concentrations. 

Q. Are industrial waste management areas or manufacturing activities covered, 
enclosed, or bermed? 

The best way to avoid contaminating storm water from existing waste management and 
manufacturing areas is to prevent storm water runon or rain from entering or contacting thes.e 
areas. This can be done by: .. 

• Preventing direct contact with rain 

• Moving the activity indoors after ensuring that all safety concerns such as fire hazard and 
ventilation are addressed 

• Covering the area with a permanent roof 
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'. 

• Covering waste piles with a temporary covering material such as a reinforced tarpaulin, 
polyethylene, polyurethane, polypropylene, or Hypalon 
. . 

• Minimizing storm water runon .by enclosing the area or building a berm around the area. 

Q. Are vehicles used to transport wastes to the land disposal or treatment site 
equipped with anti-spill equipment? 

Transport vehicles equipped with spill prevention equipment can prevent spills of wastes 
during transport. Examples include: 

• Vehicles equipped With baffles for liquid wastes 

• Trucks with sealed gates ~nd spill guards for solid wastes 

• Trucks' with tarps. 

Q. Do you use loading systems 
that minimize spills and fugitive 
losses such as dust or mists? 

Wastes lost during loading or unloading can 
contaminate storm water. Vacuum transfer 
systems minimize waste loss . 

. Q. Are sediments or wastes prevented 
from being tracked' offsite? . 

Wastes and sediments tracked offsite can end up 
on streets where they are picked up by storm 
water runoff. This can be avoided by using 
vehicles with specially designed tires, washing 
vehicle~ in a designated area before they leave the 
site, and controlling the wash water. 

Q. Is storm water runoff minimized 
from the land disposal site? 

You can take certain prec~utions to minimize the 
runoff of polluted storm water from land 
application sites~ Some precautions are detailed 
below. 

• Choose the land application site carefully. Characteristics that help prevent. runoff 
include slopes under 6 percent, permeable soils, a low water table, locations away from 
wetlands or marshes, and closed drainage systems. 
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• Avoid applying waste to the site when it is raining or when the ground is frozen or 
saturated with water. Grow vegetation on areas dedicated to land disposal to stabilize 
the soils and .reduce the volume of surface water runoff from the site. 

• Maintain adequate 'barriers between the land application site and receiving waters. 

• Erosion control techniques might include mulching and matting, filter fences, straw 
bales, diversion terracing, or sediment basins. For a detailed description of erosion 
control techniques, see Chapter 4. . 

• Perform routine maintenance to ensure that erosion control or site stabilization 
measures are working. 
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3.8 BMPs FOR OUTSI.DE STORAGE OF RAW MATERIALS, BY-PRODUCTS, OR 
FINISHED PRODUCTS 

Raw materials. by-products. finished products, containers. and material storage areas exposed to rain 
and/or runoff can pollute storm water. Storm water can become contaminated by a wide range of 
contaminants (e.g., metals. oil, and grease) when solid materials wash off or dissolve into water, or 
by spills or leaks. The following questions are designed to help you identify potential sources of storm 

. water contamination and select BMPs that can reduce or eliminate those sources. Reading this section. 
can help you eliminate or reduce pollutants that otherwise may contamina~e storm water. 

o. Are materials protected from rainfall, runon, and r~noff? 

The best way to avoid contaminating storm water from outside material storage areas is to prevent 
storm water runon or rain from cOming in contact with the materials. This ca-n be done by: 

• Storing the material indoors . 

• Covering the area with a roof 

• Covering the material with a temporary covering 
made of po!yethylene, polyurethane, polypropylen~, 
or Hypalon. 

• Minimizing storm water runon by enclosing the 
area ,or building a berm around the area. 
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3.9 BMPs FOR SALT STORAGE FACILITIES 

Salt left exposed to'rain or snow can be lost. Salt spilled or blown onto the ground during loading and 
unloading will dissolve in storm water runoff. Storm water contaminated with salt can be harmful to 
vegetation and aquatic life. Salty storm water runoff soaking into the ground may contaminate ground ' 
water and make it unsuitable as a drinking water supply. The following BMPs will help reduce storm 
water contamination from salt storage and transfer activities. See Chapter 4 for more detailed 
information on covering storage areas. 

Q. Are salt piles protected from rain? 

The best way to prevent salt from contaminating storm 
water is to eliminate or limit the exposure of salt to 
rain. Preventing contact with rain also protects against 
salt loss and prevents salt from absorbing moisture and 
becoming caked or lumpy and making it difficult to 
handle and use. 

• Store salt under a, roof. This is the best way 
to stop direct contact with rain. 

If salt must be stored outside: 

SA~~',,$TORAGE.·AqIi'vfQ:~s}fHAT. 
CAN,CONTAMIN~TF,:"STO.RM WATER: 

, ' ... ~::~tS:~~~'r~&!t~gi~;~r!1~~:i~' o~: 

.. ;.i,~·~i/ifli 
• Build the storage pile on asphalt to, reduce the potential for ground water contamination 

• Cover the pile with a temporary covering material such as polyethylene, polyurethane, 
polypropylene, or Hypalon. 

Q. Is storm water runon prevented from contacting storage piles and loading and 
unloading areas? 

Storm water runon can be minimized by enclosing the area or building berms around storage, 
loading, and unloading areas. 
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CHAPTER 

4 
SITE-SPECIFIC INDUSTRIAL STORM WATER BMPs 

This chapter describes some of the possible Best Management Practices (BMPs) that you might 
include in your Storm Water Pollution Prevention Plan so that pollutants from your si~e do not mix 
with storm water. ' , 

Table 4.1 provides an easy index of the BMP descriptions that follow" The BMPs are grouped by 
section into. six categories: Flow Diversion Practices; Exposure Minimization Practices; Mitigative 
Prac,tices; Other, Preventive Practices; Sediment and Erosion Prevention Practices; and Infiltration 
Practices. 

The following information is provided for each BMP: (1) description of the BMP; (2) when and 
where the BMP can be used; (3) factors that should be considered when using the BMP; and 
(4) advantages and disadvantages of the BMP. 'More detailed fact sneets for a limited number of 
th~ Sediment and Erosion' Prevention Practices ar~ included as Appendix E. When designing these 
structural· controls, EPA recommends that you refer to any State or local storm water management 
design standarqs. ' 

TABLE 4.1 INDEX·OF SITE-SPECIFIC INDUSTRIAL STORM WATER BMPs 

Containment Diking , 4-12 

Cqrbing 4-14 

Drip Pans 

Collection Basins 4-18 

Sumps 4-20 

Covering 4-22 

Vehicle Positioning' 4-25 

Loading and Unloading by Air Pressure or Vacuum 4-26 ' 
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TABLE 4.1 INDEX OF SITE-SPECIFIC INDUSTRIAL STORM WATER BMPs (Continued) 

Section 4.3 - Mitigative Prac:tices 4-28 

4-29 

Shoveling 4-30 

Excavation Practices '4-31 

Vacuum and Pump Systems 

Sorbents 4-33 

Preventive Monitoring Practices 4-38 

Dust Control (Land Disturbances and Demolition Areas) 4-40 

Dust Control (Industrial Activities) 4-42 

Signs and Labels 4-44 

Vegetated Filter Strips 4-101 

Grassed Swales 4-103 

Level Spreaders 4-105 

Infiltration Trenches 

Porous Pavements/Concrete Grids and Modular Pavement 4-109 
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4.1 FLOW DIVERSION PRACTICES 

Structures that divert stream flow (sue!) as gutters, drains, sewers, dikes, and graded pavement) 
are used as BMPs in two ways. Rrst, flow diversion structures, called storm water conveyances, 
may be used to channel storm water away from industrial areas so that pollutants do not mix with 
the storm water. Second, they also may be used to carry pollutants directly to a treatment facility. 

, This sectior, briefly describes flow diversion as a BMP for industrial storm water. 
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I What Are They 

" Storm Water Conveyances 
(ChannelsIGutlers/Drains/Sewers 1 

Storm water conveyances such as channels, gutters, drains, and sewers, collect storm water 
runoff and direct its flow. A group of connecting conveyances is sometimes installed at an 
industrial facility to create a storm water collection system. Storm water conveyances can be used 
for two different purposes. The first purpose is to keep uncontaminated storm water from coming 
in contact with areas of an industrial site where it may become contaminated with pollutants. This 
can be accomplished by collecting the storm water in a conveyance and by changing the direction 
of flow away from those areas. The second purpose is to collect and carry the. storm water that 
has already come into contact with industrial areas and become contaminated to a treatment 
~~ -

Storm water conveyances can be constructed or lined with many different materials, including 
concrete, clay tiles, asphalt, plastics, metals, riprap, compacted soils, and vegetation. The type of 
material used depends on the use of the conveyance. These conveyances can be temporary or 
permanent. 

I When "and Where to Use Them 

Storm water conveyances work well at most industrial sites. Storm water can be directed away 
from industrial areas by collecting it in channels or drains before it reaches the areas. In addition, 
conveyances can be used to collect storm water downhill from industrial areas andkeep it separate 
from runoff that has not been in contact with those areas. When potentially contaminated storm 
water is collected in a conveyance like this, it can be directed to a treatment facility on the site if 
necessary. (If a pollutant is spilled, it should not be allowed to enter a storin water conveyance. or 
drain system.) 

I What to Consider 

In planning for storm water conveyances, consider the amount and speed of the typical storm 
water runoff. Also, consider the patterns in which the storm water drains so that the channels 
may be located to collect the most flow and can be built to handle the amount of water they will 
receive. When deciding on the type of material for the conveyance, consider the resistance of the 
material, its durability, and compatibility with any pollutants it may carry . . .. 
Conveyance systems are most easily installed when a facility is first being constructed. Use of 
existing grades will decrease costs. Grades should be positive to allow for the continued 
movement of the runoff through the conveyance system; however, grades should not 'create an 
increase in velocity that causes an increase in erosion (this will also depend upon what materials 
the conveyance is lined with and the types of outlet controls that are provided). 

Ideally, storm water'conveyances should be inspected to remove debris within 24 hours of rainfall, 
or daily during periods of prolonged rainfall, since heavy storms may clog or damage them, It is 
important to repair damages to these strl,lctures as soon as possible. 
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''':,1--. 

:" '~~~~~~:!I~ 
Typical Concrete-Lined Ditch .Typical S~ass-Lined vitch 

Typicai Riprap Channel 

Vegetated V-shaped Waterway with Stone Center Drain, 

. Trapezoidal Riprap Channel 

-' 

e;;~~'l'?{ee.'=~1"i~1 
or fabric 

Vegetated Parabolic-shaped Waterway with Stone Center Drain 

' . 

. FIGURE 4.1 TYPICAL STORM WATER CONVEYANCE CROSS SECTIONS 
(Modified from Commonwealth of Virginia. 1980) 
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Advantages of Storm Water Conveyances (Channels/Gutters/Drains/Sewers) 

• Direct storm-water flows around industrial areas 

• Prevent temporary flooding of industrial site 

• Require low maintenance 

• Provide erosion resistant conveyance of storm water runoff ... ..-

• Provide long-term control of storm water flows 

Disadvantages of Storm Water Conveyances (Channels/Gutters/Drains/Sewers) 

• Once flows are concentrated in storm water conveyances, they mus,t be routed through 
stabilized structures all the way to their discharge to the receiving water or treatment plant 
to minimize erosio"n 

• May increase flow rates 

• May be impractical if there are space limitations 

• May not be economical, especially for small facilities or after a site has al(eady been 
constructed , 

4~ September 1992 

NWMAR 117348 



Chapter 4-Site-Specific Industrial Storm Water. BMPs 

Diversion· Dikes 

·1 What Are They 

Diversion· dikes or berms are structures used to block runoff from passing beyond a certain point. 
Temporary dikes are usually made with, compacted soil. More permanent ridges are constructed 
out of concrete, asphalt, or similar materials. 

~~ 
,

;..;rr .. . 
. ,...r<.I. . 

..r . ~2L. 

.. . )I!- .... ' ~~: 
. i'-.. -;::..-.:::.:~.::.::::::-::::::~~ . 

. ~<~:/ /-------.-'~,~" 
J//~ I '~\.k~ ~ 

J~ .... '>.' / .~. - ----. "~'" ~ , ,.' .....-.------..-. """ ',. r.... f. ___ -,- ____ . __ ~ I .. 

. Dike 

FIGURE 4.2 DIVERSION DIKES 
(Modified from North Carolina. 1988) 

I When and Where to Use Them 

Diversion dikes are used to prevent the flow of storm water runoff onto industrial areas. Limiting 
the volume of flow across industrial areas reduces the volum~ of storm water that may carry 
pollutants from the area, requiring treatment for pollutant removal. This BMP is suitable for 
industrial sites where significant volumes of storm ,water runoff tend to flow onto active industrial 
areas. Typically, dikes are buiit on slopes just uphill from an industrial area together with some sort 
of a conveyance'such as a swale. The storm water conv~Y9nce is necessary to direct the water 
away from the dike so that the water will not pool and seep through the dike. -

I What to Consider 

In planning for the installation ofdikes, consider the slope of the drainage area, the height of the 
dike, the size of rainfall event it will· need to divert, and the type of conveyance that will be used 
with the dike. Steeper slopes result in higher volumes of runoff and higher velocities; therefore, 
the dike must be constructed to handle this situation. Remember that dikes are limited in their ," 
,ability to manage large volumes of runoff. 
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Ideally, dikes are installed before industrial activity begins. Howe,(er, dikes can be easily 
constructed at any time. Temporary dikes (usually made of dirt) generally only last for 18 months 
or less, but they caR- be made into permanent structures by stabilizing them with vegetation. 
Vegetation is crucial for preventing the erosion of the dike. 

Dikes should be inspected regularly for damage. This is especially important after storm events 
since a heavy rain may wash parts of a temporary dike away. Any necessary repairs should be 
made immediately to make sure the structure continues to do its job. 

Advantages of Di~ersion Dikes 

• Effectively limit storm water flows over industrial site areas 

• Can be installed at any time 

• Are economical temporary structures, when built from soil onsite 

• Can be converted from temporary to permanent at any time 

Disadvantages 'of Diversion Dikes 

• Are not suitable for large dr~inage areas unless there is a gentle slope -. 

• May require maintenance after heavy rains 
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Graded Areas' and Pavement 

What Is It I· 

Land surfaces can be graded or: graded and. paved so that storm water runoff is directed away from 
industrial activity areas. The slope of the grade allows the runoff to flow, but limits the runoff from 
washing over areas that may be contaminated with pollutants. Like conveyances and dikes, graded 
areas can prevent runoff from contacting industrial areas and becoming contaminated with 
pollutants from these areas. Grading can be a permanent or temporary control measure. 

FIGURE 4.3 EXAMPLE OF GRADED PAVEMENT 
(Modified from Santa Clara Valley, 1990) 

'I When and Where to ,Use It 

" 

Grading land surfaces is appropriate for any industrial site that has outdoor activities that may 
contaminate storm water runoff, s~chas parking lots or outdoor storage areas. Figure 4.3' 
illustrates the use of graded pavement in preventing runoff from washing over .a service station 
site. Grading is often used with other practices, such as coverings, buffer zones, and other 
practices to reduce the runoff velocity and provide infiltration of the uncontaminated runoff: or to 
direct pollutant runoff to storm water treatment facilities. , 

,I What to Consider 

When designing graded areas and pavement, both control a'nd contai~ment of runoff 'flows should 
be considered. The grading should control the uncontaminated flow by diverting it around areas 
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that may have pollutants. The grading should also contain the contaminated flows or divert them 
to treatment facilities. 

When regrading and paving an industrial area, the use of concrete paving instead of asphalt should 
be considered. This is especially important in potential spill sites or hazardous material storage 
areas. Asphalt absorbs organic pollutants and can be slowly dissolved by some fluids, thus 
becoming a possible source of contaminants itself. This control measure should be used with a 
cover, such as a roof, in areas where contaminants are of concern (see Covering BMP) so that rain 
or snow does not fall on the area and wash the contaminants down slope . . - . 

Inspect paving regularly for cracks that may allow contaminants to seep into the ground. Also, 
check to make sure that the drains receiving the storm water flow from,the paved area remain 
unclogged with sediment or other debris so that low areas do not flood and wash over the areas 
where the contaminants may be. 

Advantages of Graded Areas and Pavement 

• Is effective in lir:niting storm water contact with contaminants 

• Is relatively inexpensive and easily implemented 

Disadvantages of Graded Areas and Pavement 

• May be uneconomical to regrade and .·esurface large areas 

• May not be effective during heavy precipitation 
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4.2 EXPOSURE MINIMIZATION PRACTICES 

By eliminating or minimizing the possibility of storm water coming into contact with pollutants, 
facilities can eliminate or minimize the contamination of storm water discharges associated with 
their industrial activity. As a result, fewer materials will be carried away by storm water runoff, 
the costs of collecting and treating contaminate~ storm water will be decrea$ed, and safety and 
environmental liabilities that result from spills and leaks will be reduced. - " 

Completely eliminating the exposure of materials to storm water is not always possible, however. 
For many industrial facilities, enclosure of facility grounds is not technologically or economically 
pOSSible. Therefore, this section describes several' simple ·and inexpensive structural and 
nonstructural BMPs that a facility can use to minimize the exposure of ma1;erials to storm water. 

Containing spills is one of the primary methods of minimizing exposure of contan:tinahts to storm 
water runoff. Spill containment is used for enciosingany drips, overflows, leaks, or other liquid 
material releases, as well as fQr isolating and keeping pollutant spills away from storm water run()ff. 

There are numerous spill containment methods, ranging from large structural barriers to simple, 
small drip pans. The benefits of each of these practices vary based on cost, need for maintenance, 
and size of the spill they are designed to control. This section describes several containment 
methods, including: 

• Containment Diking 

• Curbing 

• Drip Pans 

• Catch Basins 

• Sumps. 

Other practices commonly used to minimize exposure of contaminants are also' discussed, including 
the following: 

• Covering 

• Vehicle Positioning 
,/ 

• Loading and Unloading by ,Air Pressure or Vacuum. 
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... : , I 
I What Is It I 
Containment dikes are temporary or permanent earth or concrete berms or retaining walls that are 
designed to hold spills. Diking, one of the most common types of containment, is an effective 
method of pollution prevention for above-ground liquid storage tanks and rail car or tank truck 
loading and unloading areas. Diking can provide one of the best protective measures against the 
contamination of storm water because it surrounds the area of concern and holds the spill, keeping 
spill materials separated from the storm water outside of the diked area. 

~ .. - I 11 II 
I 

Dike equal to 10% of total tank 

'II~ 
I L " 

Impervious surf~ce Permanently installed tanks 
surrounded by dike system volume or 110% of largest tank 

Containment Diking for Large Storage Areas 

--------' 
Containment Diking for Small Storage Areas 

I When and Where to Use It 

FIGURE 4.4 CONTAINMENT DIKING 
(Modified from MWCOG. 1992' 

Diking can be used at any industrial facility but is most commonly used for controlling large spills or 
releases from liquid storage areas and liquid transfer areas. 

I What to Consider 

Containment dikes should be large enough to hold an amount equal to the largest single storage 
tank at the particular facility plus the volume of rainfall. For rail car and tank truck loading and 
unloading operations, the diked area should be capable of holding an· amount equal to any single 
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tan!< truck compartment. Materials used to construct the dike should be strong enough to safely 
hold spilled materials. The materials used usually depend on what is available onsite and the 
substance to be contained, and may consist of earth (i.e., soil or clay', cor~crete, synthetic 
materials (liners), metal, or other impervious materials. In general, strong acids and bases may 
react with metal containers, concrete, and some plastics, so where spills maycorisist of these 

. substances, other alternatives should be considered. Some of the more reactive organic chemicals 
may also need to be contained with special liners. If there are an)' questions about storing 
chemicals in certain dikes because of their construction materials, refer to the Material Safety Data 
Sheets (MSDSs). 

Containment dikes may need to be designed with impervious materials to prevent leaking or 
contamination of storm water ~ surface, and ground water supplies. 

Similarly, uncontrolled overflows from diked areas containing spilled materials or contaminated 
storm water should be prevented to protect nearby surface waters or ground waters. TJ:lerefore, 
dikes ,should have either p{jmping systems (see Sumps BMP) or vacuum truckS available to remove 
the spilled materials. When evaluating the performance of the containment,system, you should pay 
special attention to the overflow system, since it is often the source of uncontr.olled leaks. If 
overflow systems do not exist, accumulated storm water should be ~eleased periodically. 
Contaminated storm water should be treated prior to release. Mechanical parts, such as pumps or 
even manual systems (e.g., slide gates, stopcock valves), may require regular cleaning and 
maintenance . 

. When considering containment diking as a BMP, you should consult local authorities ·about any 
regulations governing construction of such structures to comply with local and State requirements. 
Facilities located in a flood· plain should contact their local flood control authority to ensure that 
construction of the dikes. is permitted. . 

Inspections of containment dikes should be conducted during or after significant storms or spills to 
. check for washouts or overflows. In iilddition, regular checks .of containment dikes (i.e:, testing to 
ensure that dikes are capable of holding spills) is.recommended. Soil dikes may need to be. 
inspected on a more frequent basis. . . . 

Chang~s in vegetatiqn, inability of the structure to retain storm water dike erosion, or ·soggy areas 
indicate problems with the dike's structure. Damaged areas should be patched and stabilized· 
immediately, where necessary. Earthen dikes may require special maintenance of vegetation, such 
as mowing and irrigation. 

Advantages of Containment Diking 

• Contains spills, leaks, and other releases and prevent them from flowing into .runoff 
conveyances, nearby streams, or underground water sup-plies 

~ ~.,. 

• Permits materials colh3cted in dikes to be recycled I 

.. Is a common industry practice for storage tanks and already required for certain chemicals 

Disadvantages of Containment Diking . 
• May be too expensive for some smaller facilities 

• Requires maintenance 

., Could collect contaminated storm water, possibly resulting in infiltration of storm waterto 
ground water 
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. " .. ' ,,:., Curbing 
. .;' ..... ::.;: ,:. ,. , ; , , 

,:::,'.: .. : .. ,." . 

I What Is It I 
"b ,'. 

Like containment diking, curbing is a barrier that surrounds an area of concern. Curbing functions 
in a similar way to prevent spills, leaks, ·etc. from being released to the environment by routing 
runoff to treatment or control areas. The terms curbing and diking are sometimes used 
interchangeably. 

Because curbing is usually small-scale, it cannot contain large spills like diking can, however, 
curbing is common at many facilities in small areas where handling and transferring liquid materials 

" " occur. 

FIGURE 4.5 CURBING AROUND DRUM STORAGE AREA 

I When and Where to Use It I 
Curbing can be used at all industrial facilities. It is particularly useful in areas' where liquid materials 
are transferred and as a storm water runoff control. . 

As with diking, common materials for curbing include earth, concrete, synthetic materials, metal, or 
other impenetrable materials: ~sphalt is also a common material used in "curbing. 

I Wha~ to Consider 

For maximum efficiency of curbing, spilled materials should be remo~edimmediately, to allow 
space for future spills. Curbs should have pumping "systems, rather than drainage systems, for 
collecting spilled materials. Manual or mechanical methods, such as those provided by sump' 
systems (see Sump BMP), can be used to remove the material. Curbing systems should be 
maintained through curb "repair (patching and replacement). ' 

'-
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When using curbing for runoff control. facilities should protect the berm by limiting traffic and 
installing reinforced berms in areas of concern. 

. . 
Spills of materials that are stored within a curbed area can be tracked outside of that area when 
personnel and equipment leave the area. This tracking can be minimized by grading withi,n the 
curbing to direct the spilled materials to a down-slope side of the curbing. This will keep the 

. materials away from personnel and eQuipl11ent that pass through the area. It will also allow the 
materials to accumulate in one area making cieanup much easier. 

Inspections. should also be conducted before forecasted rainfall events and immediately after storm 
events. If spilled or leaked materials are observed, cleanup should start immediately. This will 
prevent overflows andlor contamination of storm water runoff. In addition; prompt cleanup of 
materials will prevent dilution by rainwater, which can adversely affect recycUng opportunities.' 
Inspection of curbed areas should be conducted regularly, to clear clogging debris. Because . 
curbing is sized to contain small spill volumes, maintenance should also be conducted frequently to 
prevent overflow of any spilled materials. 

Advantages of Curbing 

c Is an excellent method to control !Y!lQ!1 

C ,Is inexpensive 
. , 

C Is easily installed 
.. 

C Ma~erials spilled within curbed area$ can be recycled 

C Exists as a common industry practice . 

, Disadvantages of Curbing 

C Is not effective for holding large spills 

" 
C May require more maintenance than diking 
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Drip Pans· .1 

I What Are They 1

0

_' 

Drip pans are small depressions or pans used to contain very small volumes of leaks, drips, and 
spills that occur at a facility. Drip pans can be depressions in concrete, asphalt, or other 
impenetrable materials or they can be made of metals, plastic, or any material that does not react 
with t~e dripped chemicals. Drip !lans can be temporary or permanent. 

Drip pans are used to catch drips from valves, pipes, etco so that the materials or chemicals can be 
cleaned up easily or recycled before they can contaminate storm water. Although leaks and drips 
should be repaired and eliminated as part of a preventive maintenance program, drip p3ns can 
provide a temporary solution where repair or replacement must be delayed. In addition, drip pans 
can be an added safeguard when they are positioned beneath areas where leaks and drips may 

occur. 

Use Drip Pans for Leaking Equipment. 

Use. Drip Pans in Loading and Unloading Areas 

FIGURE 4.6 USES FOR DRIP PANS 
(Modified from Washington State. 1992) 

I When and Where to Use Them 

DrtP pans can be used at any industry where valves and piping are present and the potential for 
small volume leakage and dripping exist. 
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I What to Consider 
. , 

When using drip pans, consider the location of the drip pan, weather conditions, the type of 
material to be used for the drip pan, an~ how it will be cleaned. 

The location of the dr'ippan is important. Because drip pans must be inspected and cleaned 
frequently, they must be easy to reach and remove. In addition, take special care to avoid placing 

. drip pans in precarious positions such as next to walkways, on uneven pavement/ground, or sitting 
on pipelines. Drip pans in'-these locations are easily overturned and may present a safety hazard; 
as well as an environmental hazard. 

Weather conditions. are also important factors. HeaVy winds and rainfall move or damage drip pans 
because of their small size and their light weight (if not built-in) . To prevent this,' secure the pans 
by installing or anchoring them. Drip pans may be placed on platforms or behind wind blocks or . 
tied down. . 

For drip pans to be effective, employees' must pay attention to the pans and empty them when 
they are nearly full.. Because of their small holding capacities, drip pans will easily overflow if not 
emptied. Also, recycling efforts can be affected if storm water accumulates in drip pans and 
dilutes the spilled material. It is important to have clearly specified and easily followed practices of 
reuse/recycle and/or disposal, especially the disposal of hazardous materials. Many facilities dump 
the drip pan contents into a nearby larger volume storage container and periodically recycle the 
contents of the storage container. 

In addition, frequent inspection of the drip pans is necessary due to the possibility of leaks in the 
pan its~lf or in piping or valves that may occur randomly or irregular slow drips that may increase in 
volume. Conduct inspections before forecasted rainfall ,events to remove accumulated materials 
and immediately after storm events to empty storm water accumulations. 

Advanta_ges of Drip Pans 
.' , -

• Are inexpensive -

• Are easily installed and simple to operate 

• Allow for reuse/recycle of collected material '. 

• Empty or discarded containers may be reused as drip pans 
, 

Disadvantages of Drip Pans . 

• Contain small volumes only 

• Must be inspected and cleaned frequently , 

• Must be secured during poor weather conditions 

.. 
Contents may be disposed of improperly unless facility personnel are trained. in proper • 
disposal methods 
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~ ____________ ~ _____________ C_o_ll_e_c_ti_o_'n __ Ba_'_Si_n~.s_,'_' __ '~'~ ___ ·_:,~ ______ ~~ ____ ~I· 

I What Are They 

Collection basins, or storage basins, are permanent structures where large spills or contaminated 
storm water are contained and stored before cleanup or treatment. Collection basins are designed 
to receive spills, leaks, etc. that may occur and prevent these materials from being released to the 
environment. Unlike containment dikes, collection basins can receive and contain materials from 
many locations across a facility. 

Collection basins are commonly confused with treatment units such as ponds, lagoons, and other 
containment structures. Collection basins differ from these structures because they are designed 
to temporarily store storm water rather than treat it. ' 

I When and Where to Use Them 

Collection basins are appropriate for all industrial sites where space allows.' Collection basins are 
particularly useful for areas that have a high spill potential. 

I What to Consider 

The design and installation considerations for collection basins include sizing the basin either to 
hold a certain amount of spill or a certain size storm, or both. In designing the collection system, 
the type of material for the conveyances, compatibility of various materials to be carried through 
the system, and requirements for compliance with State and local regulations should be considered. 
Ideally, the system should function to route the materials quickly and easily to the collection basin. 

When spills occur, the collection system must route the spill or storm water immediately to the 
collection basin. After a spill is contained, the collection system' and basin may require cleaning. 
Remove the collection basin contents immediately to prevent an unintentional release and recycle 
the spilled material as much as possible. Inspect the structure on a regular basis and after storm 
events or spills. Depending upon the types of pollutants that may be in the storm water, or are 
collected as spills, design of the basin may require a liner to prevent infiltration into the ground 
water. Make sure that the installation of this BMP does not violate State ground water regulations. 

If it is possible that the collection basin may handle 'combustible or flammable spilled materials, 
explosion-proof pumping equipment and controls or other appropriate precautions should be taken 
to prevent explosions or fires. Consult OSHA and local safety codes and standards for specific 
requirements and guidance. 
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Advantages of Collection Basins 
.. 

e Can' store cOfltaminated storm water until directed to a treatment facility 
-

e Can collect spills for recycling where materials are separated 
,. 

Disadvantages of Collection Basins 

• May need a conveyanc~ system for increased effectiveness -

0 May collect materials that are nlot compatible 

4) • May reduce the pote~tial for recycling materials by colle<?ting storm water, which dilutes 
the materials 

• May create ground water problems if pollutants infiltrate into ground 
-
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. Sumps ... 

I What Are They 

Sumps are holes or low areas that are structured so that liquid spills or leaks will flow down toward 
a particular part of a containment area. Frequently, pumps are placed in a depressed area and are 
turned on automatically to transfer liquids away from the sump when the level of liquids gets too 
high. Sumps can be temporary or permanent. 

I When and Where to Use Them 

Sumps can be used at all facilities. Sumps are used with other spill containment and treatment 
measures and can be located almost anywhere onsite. Sumps are frequently_located in low lying 
areas within material handling or storage areas. 

I What to Consider 

When designing and installing a sump system, consider-the pump location, function, and system 
alarms. Design and install the sump in the lowest lying area of a containment structure, 'allowing 
for materials -to gather in the area of the sump. Construct the sump of impenetrable materials and 
provide a smooth surface so that liquids are funneled toward the pump. It may be appropriate to 
house ,the pumps in a shed or other structure ,for protection and stabilization.· 

There are numerous factors ~at should be considered when purchasing a pump. Base the size of. 
the pump on the maximum expected volume to be collected in the containment structure. In some 
cases, more than one pump may be appropriate. Typically, pumps that can be submerged under 
the spill are the most appropriate for areas. where large spills may occur and that may submerge the 
sump area. The viscosity (thickness) of the material and the distance that the material must be 
pumped are also important considerations. Install pumps according to the manufacturer's 
recommendations. 

An alarm system can be installed for pumps that are used to remove collected materials. An alarm· 
system can indicate that a pump should be operated by hand or that an automatically operated 
pump has failed to function. Ultimately, facility personnel should have some mechanism to .take 
action to prevent spills from by-paSSing and overflowing containment structures. 

The pumps and the alarm system used in the sump generally require regular inspections for service 
and maintenance of parts based on manufacturers' recommendations. 

If it is possible that the sump may handle combustible-or flammable spilled materials, explosion
proof pumping equipment and controls or other appropriate precautions should be taken to prevent 
explosions or fires. Consult OSHA and local safety codes and standards for specific requirements 
and guidance. 
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Advantages of Sumps 

• Provide a simple and quick collection method, for recycling, reusing, or treating materials in. 
a containment structure 

• .Are commonly used at industrial facilities 

'Disadvantages of Sumps 

• Pumps may clog easily if not designed correctly , 
.. -

• May require maintenance/servicing agreements with pump de.alers 

• Costs for purchasing and/or replacing pumps may be high 

" 
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.' .'; ':' Covering 

I What Is It I .' 
Covering is the partial or total physical enclosure of materials, equipment, process operations, o~ 
activities. Covering certain areas or activities prevents storm water from coming into contact with 
potential pollutants and reduces material loss from wind blowing. Tarpaulins, plastic sheeting, 
roofs, buildings, and other enclosures are examples of covering that' are effective in preventing 
storm water contamination. Covering can be temporary or permanent. 

I When and Where to Use It I 
Covering is appropriate for outdoor material storage piles (e.g., stockpiles of .dry materials, gravel, 
sand, compost, sawdust, wood chips, de-icing salt, and building materials) and areas where liquids 
and solids in containers are stored or transferred. Although it may be too expensive to cover or, 
enclose all industrial activities, cover high-risk areas (identified during the storm water pollutant 
source identification). For example, cover chemical preparation areas, vehicle maintenance areas, 
areas where chemically treated products are stored, and areas where salts are stored. 

If covering or enclosing the entire activity is not possible, the high-risk part of the activity can often 
be separated from other. processes and covered. Another option that reduces the cost of building a 
complete enclosure is to build a roof over the activity. A roof may also eliminate' the, need for 
ventilation and lighting systems (Washington State, 1992). 

I What to Consider 

Evaluate the strength ,and longevity of the covering, as well as its compatibility with the material or 
activity being enclosed. When designing an enclosure,' consider access to materials, their handling, 
and transfer. Materials that pose environmental and safety dangers because they are radioactive, 
biological, flammable, explosive, or reactive require special ventilation and temperature 
considerations. 

Covering alone may not protect exposed materials from storm water contact. Place the material on 
an elevated, impermeable surface or build curbing around the outside of the materials to prevent 
problems from runon of uncontaminated storm water from adjacent areas. 

Frequently inspect covering, such as tarpaulins, for rips, holes, and general wear. Anchor the 
covering with stakes, tie-down ropes, large rocks, tires, or other easily available heavy objects. 

Practicing proper materials management within an enclosure or underneath a covered area is 
essential. For example, floor drainage within an enclosure should be properly designed and 
connected to the wastewater sewer where appropriate and allowed. If connection to an offsite 
wastewater sewer is considered, the local Publicly Owned Treatment Works (POTW) should be 
consulted to find out if there are any pretreatment requirements or restrictions that must be 
followed. 
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with Curbing ~nd Cover 
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Raw Material Storage Covered with Tarpaulin 

Covered Area for Raw Materials 

Enclosed.Area for Storage of 
Raw Materials or Chemicals 

Covered Area for Loading and Unloading 

FIGURE 4.7 EXAMPLE COVERING FOR INDUSTRIAL ACTIVITIES 
(Modified from Washington State. 1992; Salt Institute. 1987) 
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. Advantages of Covering 

• Is simple and-effective 

• Is commonly inexpensive 

Disadvantages of Co~ering 

• Requires frequent inspection 

• May pose health or safety problems if enclosure is built over certain activities 
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I What Is It .1' 

. '. Vehicle Positioning 

Vehicle positioning is the practice of locating trucks or rail cars while transferring materials to 
prevent spills of materials onto the ground surface, which may then contaminate storm water 
runoff. Vehicle positioning is a sin:"lple and effective method of material spill prevention and yet it is 
commonly overlooked. -

When and Where to Use It. 

Vehicle positioning can be used at all types of industrial facilities. This practice is appropriate for 
any area where materials are transferred from or to vehicles, such as loading C!.nd unloading areas, 
!)torage areas, and material transfer'areas. Use vehicle positioning in conjunction with other 
practices such as covering, sumps, drip pans, or loading' and unloading by air pressure or vacuum 

, where chemical spills are of concern. . 

What to Consider 

The purpose of vehicle' positioning is to' locate vehicles in a stable and appropriate position to 
prevent problems, such as spills resulting from broken material storage containers, spills caused by 
vehicle movement' during materials transfer activities, and spills caused by improperly located 
vehicles. Vehicles should also be positioned near containment or flow diversion systems to collect 
unexpected spills from leaks in transfer lines or connections. The. following activities are included 
in this practice: 

• Constructing walls that help in positioning the vehicles 

• Positioning vehicle either over a drain or on a sloped surface that drains to .a containment 
structure 

• Outlining required vehicle positions on the pavement 

• Using wheel guards or wheel blocks 

• Posting signs requiring the -use of emergency brakes 

• Requiring vehicles to shut off engines during materials transfer activities. 

Advantages of Velhicle Positioning 

• Is inexpensive 
, 

• Is easy and effective " 

. 
Disadvantages of Vehicle Positioning' 

• May require redesign of loading and unloading areas 
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, ; , : .. , ".'~.';"'~",:"."" ':""'~I".~'J;::': .....• ,.',. ,:. <:'" '" . 
Loading and UnlOading bY'}Ur:.P.ressure or Vacuum 

I What Is It I 
Air pressure and vacuum systems are commonly used for transporting and loading and unloading 
materials. These systems are simple to use and effective in transferring dry chemicals or solids 
from one area to another, but are less effective as the particles of material become more dense. 

In an air pressure system, a-safety-relief valve and a dust collector are used to separate the dry 
materials from the air and then release the air accumulated during transfer operations. In a vacuum 
system, a dust collection device and an air lock, such as a rotary gate or trap door feeder, are· 
typically used. 

The uS'e of mechanical equipment that involves enclosed lines, such as those provided by air 
pressure (also referred to as pneumatic) and vacuum loading systems, are effective methods for 
minimizing releases of pollutants into the environment. Because of the enclosed nature of the. 
system, pollutants are not exposed to wind or precipitation and therefore have less potential to 
contaminate storm water discharges. 

I When and Where to Use It I 
Air pressure and vacuum systems can be used at all types of industrial facilities. This equipment is 
located in material handling areas to use for storing. loading and unloading, transporting, or 
conveying materials. 

I What to Consider 

Unlike many of the other BMPs discussed in this manual. air pressure and vacuum systems may be 
expensive because of the costs of purchasing the system and retrofitting the system to existing 
materials handling procedures. In many cases, these systems can be shipped to a facility and be 
installed onsite without contractor herp. Manufacturer's recommendations should be followed 
closely to ensure proper installation. In other cases, systems may have to be designed specifically 
for a site. Proper design and installation are very important for air pressure and vacuum systems to 
be as effective as possible. The equipment may be weatherproof or. if not. consider enclosing or 
covering the equipment. '. 

Conduct routine inspections of air pressure and vacuum systems. Regular maintenance is required 
of these systems, especially the dust collectors. Conduct maintenance activities based on 
manufacturers' recommendations. Inspect air pressure systems more frequently due to the greater 
potential for leaks to the environment. 
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Advantages of Loading and Unloading by Air Pressure or Vacuum 

• Is quick and ~imple 

• May be economical if materials can 'be recovered 

• Will minimize exposure of. pollutants to storm water 

Disadvantages of Loaciing and Unloading by Air Pressure or Vacuum 

• May be costly to install and maintain 

• May not be appropriate for some denser materials 

• ~ay require site-specific design 

• Dust collectors may need a permit under the Clean Air Act to install -
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4.3 MITIGATIVE PRACTICES 

Mitigation involves cleaning up or recovering a substance after it has been released or spilled to 
reduce the potential impact of a spill before it reaches the environment. Therefore, pollution 
mitigation is a" second line of defense where pollution prevention practices have failed or are 
impractical. Because spills cannot always be avoided at industrial sites, it is necessary to plan for 
these events and to design proper response procedures. This section discusses mitigative BMPs to 
avoid contamination of storm water. Most of the mitigative practices discussed are simple and 
should be incorporated in your facility's good housekeeping and spill response plans. The 
mitigation practices discussed include manual cleanup methods, such as sweeping and shoveling, 
mechanical cleanup by excavation or vacuuming, and cleanup with sorbents and gels. 

Facilities are cautioned that spills of certain toxic. and hazardous substances and their cleanup may 
be covered under regulations, including those imposed under the Superfund Amendments and 
Reauthorization Act (SARA), the Comprehensive Environmental Responsibility, Compensation, and 
Liability Act (CERCLA), and the Resource Conservation and Recovery Act (RCRA). 

4-28 . September 1992 

NWMAR117370 



Chapter 4-Site-Specific Industrial Sform Water BMPs 

I What Is It I 
Sweeping with brooms, squeegees, or other mechanical devices is used to remove small quantities 
of dry chemicals and dry solids from areas that are exposed to precipitation or storm water runoff. 
These areas may include dust or contaminant covered bags, drums containing remaining materials 
on their lids, areas hOUSIng enclosed or .cover~d materials, and spills of dry chemicals and dry solids 
in locations on the industrial site. Cleaning by sweeping with brooms is a low cost practice that 
can be performed by all employees and requires no special equipment or training. 

I When and Where to Use It I 
Sweeping can be used at many material handling areas and process areas in -all types of industrial 
facilities. Timing 'is an important consideration for all mitigative practices. To be effective as a 

. storfTI water control, cleanup must take place before rainfall or contact with storm water runoff or 
before an outside area is hosed down: . 

Do not limit your cleanup activities to those outside activities that are exposed to rainfall. In many 
cases, .tracking of materials to the outside from areas that are enctosed or covered (e.g., on shoes) 
may also occur. 

. I What to Consider 

Store brooms appropriately and do not expose them to precipitation. In addition, rules of 
compatibility also apply. Do not use the same broom to clean up two chemicals that are 
incompatible. Determine the compatibility between the brooms themselves and the chemical of 
concern before using this practice. In some instances, chemicals should be vacuumed instead of 
swept. Be sure that'swept material is disposed of properly. . 

Advantages of Sweeping 

• Is inexpensive 

• Requires no special training 
; 

• Provides recycling opportunities 

Disadvantages of Sweeping' 

• Is a labor-intensive practice f 

• Is. limited to small releases of dry materials 

September '1992 4-29 . 

NWMAR117371 



Chapter 4-Sits-Specific Industrial Storm Water BMPs 

I What Is It 

Shoveling is another manual cleanup method that is simple and low in cost. Generally, shoveling 
can be used to remove larger quantities of dry chemicals and dry solids, as well as to remove 
wetter solids and sludge. Shoveling is also useful in removing accumulated materi.,.ls from sites not 
accessible by mechanical cleanup methods. 

I When and Where to Use It I 
Shoveling can be used at any facility. Shoveling provides an added advantage over sweeping 
because cleanup methods are not limited to dry materials. In many cases, accumulated solids and 
sludges that are in ditches, sumps, or other facility locations can be effectively and quickly 
removed by shoveling. ' 

Shovels can also be used to clean up contaminated snows. Timing is an important consideration in 
any mitigative practice. Materials that could contaminate storm water runoff should be removed 
before any storm event. ' 

I What to Consider 

As with brooms, clean and store shovels properly. Also, consider planning for the transport and 
disposal or reuse of the sh~veled materials., 

Advantages of Shoveling 

• Is inexpensive 

• Pro,!ides recycling opportunities 
, 

• Can remediate larger releases and is effective for dry and wet materials 

Disadvantages of Shoveling 

• Is labor-intensive 

• Is not an appropriate practice for large spills . 
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I What Are They 

Excavation (i.e., removal of contaminated material) of released materials is typically conducted by 
mechanical equipment, such as plows and backhoes. Generally, plowing and backhoeing can be 
done u~in·ga specifically designed vehicle, tractor, or truck. . 

Excavation removes the materials of concern and any deposition of contaminants, thereby reducing 
. the potential for storm water contamination. Mechanical cleanup methods are typically less precise 
than manual cleanup methods, resulting in reduced opportunities for recycle and reuse. 

·1 When and Where to Use Them 

Excavation' practices are most useful for large releases of dry materials and for areas contaminated 
by liquid material releases. In excavation, you want to be sure that .all of the contaminated material 
is removed. 

Timing is an important consideration for all mitigative practices. To be effective as a storm water 
control, cleanup must take place before' a rainfall event. ' 

I ~hat to Consider 

Conduct inspections and operations and maintenance in accordance with a manufacturer's 
recommendatiQns, which may include the following: 

• A' spe~ified frequency for inspection, maintenance, and servicing of the equipment 

• Parts replacement, rotation, and lubrication specifications 

• Procedures for evaluating all parts. 

As with any equipment used during cleanup, other considerations apply, including the following: 

•. Plows, backhoes, etc. should be stored applJ'opriately with no exposure to precipitation 

• Excavated materials should be properly handled or disposed ·of. 

, . Advantages of Excavation Practices 

• Are a cost effective method forcleaning up dry materials release 

• Are common and simple 

Disadvantages of Excavation Practices 

• Are less precise, resulting in less recycling and reuse opportunities 
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I What Are They I 
Vacuum and pump systems are effective for cleaning up spilled or exposed materials. 

The benefits of vacuum and pump cleanup systems include simplicity and speed. With such 
systems, only the spilled materials need be collected. Also, these systems are often portable and 
can be used at many locations to clean up releases to the e'1vironment. Portable systems can 
usually be rented. 

I When and Where to Use Them 

Vacuum and pump systems can be used at any industrial facility. Both wet and dry mat~rials can 
be collected with these systems. Vacuum systems can be used in material handling areas and 
process areas. 

I What to Consider 

Consider the area of use and the most appropriate size for the system. Since these systems can be 
portable, size is important, especially if materials will be stored in the unit. In this case, the 
portable system must have enough suction or positive air pressure to transport materials over long 
distances. Include plans for proper disposal or reuse of the collected materials. 

Advantages of Vacuum and Pump Systems 

• Remove materials by air pressure or vacuum quickly and simply 

• Collect materials accurately 

• Offer good recycling opportunities 

Disadvantages of Vacuum and Pump Systems 

• May require high initial capital cost 

• Require equipment maintenance 
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I What Are They I 
Sorbents are materials that are capable of cleaning up spills through the chemical processes of 
adsorption and i,Qsorption. Sorbents is!sorb (an attraction to the outer surface of a material), or' 
absorb (taken in by the material like a sponge) only when they come in contact with the sorbent 
mat~rials. The sorbents must be mixed with a spill or'the liquid must be passed through the 
sorbent. Sorbent materials come in many different forms from particles to foams. Often ,the 
particles are held together in structures called booms, pads, or socks. Sorbents include, but are 
not limited to, the following: 

• Common Materials (clays, sawdust, straw, and flyash)-Generally come in small particles 
that can be thrown onto a spill that is on a surface. The materials i,Qsorb the spill by taking' 
up the liquid. 

. . 

• Polymers (polyurethane and polyolefin)-Come in the form of spheres, beads, or foam 
tablets. These materials absorb a chemical spill by taking up the liquid into their open-pore 
structure.~ 

. ... 
• A,ctivated Carbon-Comes in a powdered or granular form and can be mixed with liquids to 

remove pollutants. This sorbent works by adsorbing the organics to its surface and. can be . 
recycled and then reused by a process called regeneration. 

• "Universal Sorbent Material" -Is a silicate glass foam consisting of rounded particles that can 
absorb the material. 

. J When and' Where to Use Them 

Sorbents are useful BMPs for facilities with liquid materials onsite. Timing is important for these' 
practices. To be effective as a storm water BMP, cleanup must take place before a rainfall. 
Sorbents are often used in conjunction with curbing to provide cleanup of small spills within a 
containment area~ , 

"Universal Sorbent Materials" are suitab,le for use on many compounds including 'acids,' aikalis, 
alcohols, aldehydes, arsenate, ketones, petroleum product~, and chlorinated solvents. 

Activated carbon is useful for adsorbing many organic compounds. Organics that are diluted in 
water can. be passed through a column that is filled with the activated carbon material to remove 
the organics, or the activated carbon can be mixed into the water and can then be filtered .out. 

Polyurethane is good with chemical liquids such as benzene, chlorinated solvents, epicholorhydrin, 
and phenol. Polyolefin is used to'remove organic solvents, such as phenol and vari.ous chlorinated 
solvents. The beads and spheres are usually mixed into a spill by use of a blower and then are I 

skimmed from the top surface by use of an oil boom. 

,More common materials such as clay, sawdust, straw, and fly-ash can be used for a liquid spill on 
a surface that is relatively impenetrable, and are usually spread ov~r the spill area with shovels. 

Boom,S, pads, and socks are also useful in areas where there are small liquid spills or drips or where 
small'amounts of solids may mix with smaU amounts of storm water runoff. They can function 
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both to absorb the pollutants frolT' the storm water 'and restrict the movement of a spill. Socks are 
often used together with curbing to clean up small spills. 

I What to Consider I 
Because sorbents work by a chemical or physical reaction, some sorbents are better than others for 
certain types of spills. Therefore, the use of sorbents requires that personnel know the properties 
of the spilled material(s) to know which sorbent is appropriate. To be effective, sorbents must 
adsorb the material spilled but must not react with the spilled material to form hazardous or toxic 
substances. Follow the manufacturers' recommendations. 

Fo,r sorbents to be effective, they must be applied immediately in the release area. The use of 
sorbent material is generally very simple: the sorbent is added to the area of release, mixed well, 
and allowed to adsorb or absorb. Many sorbents are not reusable once they have been used. 
Proper disposal is required. . 

Advantages of Sorbents 

• Work in water environments (booms and socks) 

• Offer recycUng opportunities (some types of sorbents) 

Disadvantages of Sorbents 

• Require a knowledge of the chemical makeup of a spill (to .choose the best sorbent) 

• Offer no recycUng opportunities (some types of sorbents) -
• 

• May be expensive practice for large spills 

• May create disposal problems and increase disposal costs by creating a solid waste and 
potentially a hazardous waste. 

4-34 September 1992 

NWMAR 117376 



Chapter 4-Site-Specific Industrial Storm Wat8l' aMPs 

I What Are They I 
Gelling agents are materials that interact with liquids either physically or chemically (i.e., thickening 
or polymerization). Some of the typical gelling agents are polyelectrolytes, polyacrylamide, . 
butylstyrene copolymers, polyacrylonitrile, polyethylene oxide, and a gelling agent referred to as the 
universal gelling agent which is a combination of these synthetics. 

Gelling interacts with a material by concentrating and congealing it to become semisolid. The 
'semisolid gel later forms a solid material, which can then be cleaned up by manual or mechanical 
methods. The BMP of using a gelling agent is one of the few ways to effectively control ·a liquid 
spill before it reaches a receiving water or infiltrates into the.soil and then ground water. 

I When and Where to Use Them 

Gelling agents are useful for facilities with significant amounts of liquid materials stored onsite. 
Gels cannot be used to cI,ean up spills on surface water unless authorized by the U.S. Coast Guard 
or EPA Regional Response Team. '. 

I What to Consider 

Gels·can be used to stop the liquid's flow on land, prevent its seeping into the soil, and.reduce the 
surface spreading of a spill. Because of these properties, gels can reduce the need for extensive 
cleanup methods and reduce the possibility of storm water contamination from an uncontrolled 

. industrial spill. As with sorbents, the use of gels simply involves the addition of the gel to the area 
of the spill, mixing well, and allowing the mass to congeal. To use gels correctly, however, 
personnel need to know the properties of the spilled materials so that they can choose the. correct 
g~. .. 

Timing is particularly· important for gelling agent use. To prevent the movement of materials, 
gelling agents must be applied immediately after the spill. The use of gelling agents. results in a 
large bulk of congealed mass that usually cannot be separated. Ultimately, this mass will need to 
be cleaned up by manual or mechanical methods,'and disposed of properly .. 
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Advantages of Gelling Agents 

• Stop the movement of spilled or released liquid materials 

• Require no permanent structure 

Disadvantages of Gelling Agents 

• May require knowledge of the spilled materials to select correct gelling agents 

• Usually offer no recycling opportunities 

• May be difficult to clean up 

• May create disposal problems and. increase disposal costs by creating a solid waste and 
potentially a hazardous waste 

-
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4.4 OTHEt:l PREVENTIVE PRACTICES 

A 'number of preventive measures can be taken at industrial sites to limit or prevent the exposure of 
storm water runoff to contaminants. This l?ection describes a fe~ of the most easily implemented ' 
measures: 

• Preventive Monitoring'Practices 

• Dust Control (Land Disturbance and Demolition Areas) 

• Dust Control (Industrial) 

• Signs and Labels, 

• Security 

'. Area Control Procedures 

• Vehicle Washing. 
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I What Are They 

Preventive monitoring practices include the routine observation of a process or piece of equipment 
to ensure its safe performance. It may also include the chemical analysis of storm water before 
discharge to the environment. 

I When and Where to Use Them 

Automatic Monitoring System-In areas where overflows, spills, and catastrophic leaks are 
possible, an automatic monitoring system ,is recommended. Some Federal, State, and local laws 
require such systems to be present if threats exist to the health and safety of personnel and the 
environment. For material management areas, monitoring may include liquid level detectors, 
pressure and temperature gauges, and pressure-relief devices. In material transfer, process, and 
material handling areas, automatic monitoring systems can include pressure drop shutoff devices, 
flow meters, thermal probes, valve position indicators, and operation lights. Loading and unloading 
operations might use these devices for measuring the volume of tanks before loading, for weighing 
vehicles or containers, and for determining rates of flow during loading and unloading. ' 

Automatic Chemical Monitoring-Measures the quality of plant runoff to determine whether 
discharge is appropriate or whether diversion to a treatment system is warranted. Such systems 
might monitor pH, turbidity, or conductivity. These parameters might be monitored in diked areas, 
sewers, drainage ditches, or holding ponds. Systems can also be designed to sighal automatic 
diversion of contaminated storm water runoff to a holding pond (e.g., a valve or a gate could be 
triggered by a certain pollutant in the storm water runoff). 

Manned Oper~ions-In material transfer areas and process areas, personnel can be stationed to 
watch over the operations so that any spills or mismanagement of materials can be corrected 
immediately. This is particularly useful at loading and unloading areas where vehicles or equipment 
must be maneuvered into the proper position to unlOad (see Vehicle Positioning 8MP). 

Nondestructive Testing-Some situations require that a storage tank or a pipeline system be tested 
without being physically moved or disassembled. The structural integrity of tanks, valves, pipes, 
joints, welds, and other equipment can be tested using nondestructive methods. Acoustic emission 
tests use high frequency sound waves to draw a picture of the structure to reveal cracks, 
malformations, or other structural damage. Another type of testing is hydrostatic pressure testing. 
During pressure testing, the tank or pipe is subjected to pressures several times the normal 
pressure. A loss in pressure during the testing may indicate a leak or some other structural 
damage. Tanks and containers should be pressure tested as required by Federal, State, or local 
regulations. . 

I What to Consider 

Automated monitoring systems should be placed in an area where plant personnel can easily 
observe the measurements. Alarms can be used in conjunction with the measurement display to 
warn personnel. Manned operations should have communication systems available for getting help 
in case spills or leaks occur. Especially sensitive or spill-prone areas may require back-up 
instrumentation in case the primary instruments malfunction. 
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Mechanical and electronic.equipment should beolPerated and maintained according·to the 
manufacturers' recommendations. Equipment should be in$pected regularly to ensure proper and 
accurate operation .. _ 

. The pollution prevention team, in consultation with a certified· safety inspector, should evaluate 
system monitoring requirements to decide which systems are appropriate based on hazard 
potential. 

Advantages of Preventive Monitoring Practices 

• Pressu~e and vacuum testing can locate potentialleaks·or damage to vessels early. The 
primary benefit of such testing is in ensuring the safety of personnel, but it also has 
secondary benefits including prevention of storm water contamination. 

• Automatic system monitors allow for early warnings if a leak, overflow, or catastrophic 
incident is imminent. 

• Manning operations, especially during loading and unloading activities, is effective and 
generally inexpensive. . -

• The primary benefit of nondestructive testing is in ensuring the safety of personnel, but it 
also has secondary benefits includi!1g early detection of the potential for contaminating 
. storm water runoff . 

• Disadvantages of Preventive Monitoring Practices 

• Plant personnel often do not have the expertise to maintain automatic equipment. 

• Automatic equipment can fail without warning. 

• Autd'mated process control andmonitorin" equipment may be expensive to purchase and 
operate 
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I What Is It I 
Dust controls for land disturbance and demolition areas are any controls th~t reduce the potential 
for particles being carried through air or water. Types of dust control are: 

• Irrigation-Irrigation is a temporary measure involving a light application of water to moisten 
the soil surface. The process should be repeated as necessary. 

• Minimization of Denuded Areas-Minimizing soil exposure reduces the amount of soil 
available for transport and erosion. Soil exposure can be lessened by temporary or 
permanent soil stabilization controls, such as seeding, mulching, topsoiling, crushed stone or 
coarse gravel spreading, or tree planting. Maintaining existing vegetation on a site will also 
help control dust. 

• Wind Breaks-Wind breaks are temporary or permanent barriers that reduce airborne particles 
by s.lowing wind velocities (slower winds do not suspend particles). Leaving existing trees 
and large shrubs in place will create effective wind breaks. More temporary types of wind' 
breaks are solid board fences, snow fences, tarp curtains, bales of hay, crate walls, and 
sediment walls. . . . 

• Tillage-Deep plowing will roughen the soil surface to bring up to the surface cohesive clods 
of soil, which in turn rest on top of dusts, protecting them from wind and water erosion. 
This practice is commonly practiced in arid regions where establishing vegetation may take 
time. 

• Chemical Soil Treatments (palliatives)-These are temporary controls that are applied' to soil 
surfaces in the form of spray-on adhesives, such as anionic asphalt emulsion, latex emulsion, 
resin-water emulsions, or calcium chloride. The palliative is the chemical used. These should 
be used with caution as they may create pollution if not used correctly. • 

I When and Where to Use It I 
Dust controls can be used on .any site where dust may be generated and where the dust may cause 
onsite and offsite damage. Dust controls are especially critical in arid areas, where reduced rainfall 
levels expose soil particles for transport by air and runoff. This control should be used in . 
conjunction with other sedimentation controls such as sediment traps. . . 

I What to Consider I 
To control dust during land disturbance and at demolition areas, exposure of soil should be limited 
as much as possible. When possible, work that causes soil disturbance or involves demolition 
should be done in phases and should be accompanied by temporary stabilization measures. These 
precautions will minimize the amount of soil that is disturbed at anyone time and, therefore, 
control dust. 

Oil should not be used to control dust because of its high potential for polluting storm water 
discharges. . . 

'Irrigation will be most effective if sit~ drainage systems are checked to ensure that the right 
amount of water is used. Too much water can cause runoff problems. 
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Chemical treatment is only effective on mineral soils, as opposed to muck soils, because the 
chemicals bond better to mineral soils. Therefore, it should be. used only in arid regions .. Vehicular 
traffic should be routed around chemically treated areas to avoid tracking of the chemicals. Certain 
chemicals may be inappropriate for some types of soils or application areas. For example, spraying· 
chem'ical"s on the soil of an industrial site adjacent to a school may be dangerous. Local 
governments usually !lave information about restrictions on the types of palliatives that may be 
used. Special consideration must be given to preserving ground water quality whenever chemicals 

'are applied to the land. 

Since most of these techniques are temporary controls,. sites should be inspected often and 
materials should . bE! reapplied when needed.' The ,frequency for these inspections depends on 'site
specific conditions, weather conditions, and the type of technique used. 

Advantages of Dust Control (Land Disturbance and Demolition Areas) 

• Can help prevent wind-and-water based erosion of disturbed areas and will. reduce . 
, respiratory problems in employees .. 

• Some types can be implemented quickly at low cost and effort (except wind breaks) 

• Helps preserve the aesthetics of the site and screens certain activities from view (~ind 
breaks) . 

• Vegetative wind breaks are permanent and an e.xcellent alternative to chemical use 

Disadvantages of Dust Control (Land Disturbance and Demolition Areas) 

• Some types are temporary and must be reapplied or replenished regularly 

'. Some types are expensive (irrigation and chemical treatment)' and may be ineffective under 
certain conditions 

• May result in health and/or environmental hazards, e.g., if overapplication of the chemicals 
, leaves large amounts exposed to wind and rain ero.sion or ground water contamination: 

• May create excess runoff that the site was not designed to control (irrigation) 

• May cause inc~eased offsite tracking of mud (irrigation) 

• Is. not as effective as chemical treatment or mulching and seedingj requires-land space that 
may not be available at all locations (wind breaks) 
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I What Is It I 
Dust controls for material handling areas are controls that prevent pollutants from entering storm 
water discharges by reducing the surface and air transport of dust caused by industrial activities. 
Consider the following types of controls: 

• Water spraying 

• Negative pressure systems (vacuum systems) 

• Collector systems (bag and cyclone) 

• Filter systems 

• Street sweeping. 

The purpose of industrial dust control is to collect or contain dusts to prevent storm water runoff 
from carrying the dusts to the sewer collection system or to surface waters. 

I When and-Where to Use It I 
Dust control is useful in any process area, loading and unloading area, material handling areas, and 
transfer areas where dust is generated. Street sweeping is limited to areas that are paved. 

I What to Consider 

Mechanical dust collection systems are designed according to the size of dust particles and the 
amount of air to be processed. Manufacturers' recommendations should be followed for 
installation (as well as the design of the equipment). 

If water sprayers are used, dust-contaminated waters should be collected and taken for treatment. 
Areas will probably need to be resprayed to keep dust from spreading. 

Two kinds of street sweepers are common: brush and vacuum. Vacuum sweepers are more 
efficient and work best when the area is dry. 

Mechanical equipment should be operated according to the manufacturers' recommendations and 
should be inspected regularly. 
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" 

Advantages of Dust Control (Industrial) 

\ • May cause a-:decrease of respiratory problems in employees around the site 

• May cause less material to be lost and may therefore save money 
-

• Provides efficient collection of larger dust particles (street sweep'e'rs) " 

. 'Disadvantages of Dust Control (Industrial) 

• Is generally more expensive than manual syste'!ls 

• May be impossible to maintain by plant personnel (the more elaborate equipment) 

• Is labor and equipmef!t intensive and may not be effective for all pollutants (street 
sweepers) 
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I What Are They 

Signs and labels identify problem areas or hazardous materials at a facility. Warning signs, often 
found at industrial facilities, are a good way to suggest caution in certain areas. Signs and labels 
can also provide instructions on the use of m;:lterials and equipment. Labelling is a good way to 
organize large amounts of materials, pipes, and equipment, particularly on large sites. 

Labels tell material type and container contents. Accurate labeling can help facilities to quickly 
identify the type of material released so facility personnel can respond correctly. 

Two effective labeling methods include colo.: coding and Department of Transportation (DOT) 
labeling. Color coding is easily recognized, by facility personnel and simply involves painting/coating 
or applying an adhesive label to the container. Color codes must be consistent throughout the 
facility to be effective, and signs explaining the color codes should be posted in all areas. 

DOT requires that labels be prominently displayed on transported hazardous and toxic materials. 
Labeling required by DOT could be expanded to piping and containers, making it easy to recognize 
materials that are corrosive, radioactive, reactive, flammable, explosive, or poisonous. 

FIGURE 4.8 SIGN ON DRUM INDICATING FLAMMABILITY 

I When and Where to Use Them 

Signs and labels can be used at all types of facilities. Areas where they are particularly useful are 
material transfer areas, equipment areas, loading and unloading areas, or anywhere information 
might prevent contaminants from being released to storm water. 
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I What to Consider 

Signs and labels should .be visible· and easy to read. Useful signs and labels might provide the 
following information: 

• Names of facility and regulatory personnel, including emergency phone numbers, to contact· 
in case of an accidental discharge, spill, or other emergency 

• Proper uses of equipment that could cause release of storm water contaminants 

• Types of chemicals used in high-risk areas 

• The direction of drainage lines/ditches and their destination (treatment or discharge) 

• Information on a specific material 

• Refer to OSHA standards for si~es. and numbers of signs required for hazardous ,material 
labeling. 

Hazardous chemicals might be labeled as foIJovys: 

• Danger • Poisonous 

• Combustible • Caustic 

• Warning. • Corrosive 

o Caution • Volatile 

o Flammable • Explosive 

Periodic checks can ensure that signs are still in place and labels are properly attached. Signs and 
labels should be replaced and repaired as often as necessary. 

Advantages of Signs and Labels 

• Are inexpensive and easily used , 

, Disadvantages of Signs and Labels 

• Must be 'updated and maintained so they are legible 
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I 'What Is It 

Setting up a security system as part of your 'Plan could help prevent an accidental or intentional 
release of materials to storm water runoff as a result of vandalism, theft, sabotage, or other 
improper uses of facility property. If your facility already has a security system, consider improving 
it by training security personnel.about the specifics of the Storm Water Pollution Prevention Plan. 
Routine patrol, lighting, and access control are discussed below as possible measures to include in 
your facility's security system. ' 

I When and Where to Use It I 
Routine patrol, lighting, and access control are measures that can be used at any facility. 

I What to Consider 

Security information COUld. be included in the existing training required by the Plan to instruct 
personnel about where and how to patrol areas within the facility. Instruction might also include 
what to look for in problem areas and how to respond to problems. During routine patrol, security 
personnel can actively search the facility site for indications of spills, leaks, or other discharges; 
respond to any disturbance resulting from intruders or inappropriate facility operations; and 
generally work as a safeguard to prevent unexpected' events. Routine patrols could be an effective 
part of the Storm Water Pollution Prevention Plan, especially for large facilities with established 
security measures. To make this practlce effective, security personnel can help develop the Storm 
Water Pollution Prevention Plan, possibly with one person acting as a member of the pollution 
prevention committee. . 

Sufficient lighting throughout the facility during daytime and night hours will make it easier to get 
to equipment during checks and will make it easy to detect spills and leaks that might otherwise be 
hidden. Routine patrols are also easier with proper lighting. 

Controlling access to the industrial site is an.important part of'plant security and of activity and 
traffic control. Signs, fencing, guard houses, dog patrols, and visitor clearance requirements are 
often used to control site access. 

• Signs are the simplest, most inexpensive method of access control, but they are limited in 
their actual control since they provide no physical barriers and require that people obey them 
voluntarily. 

• Fencing provides a physical barrier to the facility site and an added means of security. 

• Guard houses used with visitor rules can help to ensure that only author!zed personnel enter 
the facility site and can limit vehicular traffic as well. 

• Traffic signs are also useful at facility sites. Restricting vehicles to paved roads and 
providing direction and warning signs can help prevent accidents. Where restricting vehicles 
to certain pathways is not possible, it is important to ensure that all above-ground valves and 
pipelines are well marked. . 
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Advantages of Security 

• Provides a preventive safeguard tCioperational malfunctions or other facility disturbances 
(routine patrols) 

• Allows easier detection of vandals or thieves (lighting) 

• Allows easier,detection of spills, leaks, or other releases (lighting) . 
• Prevents spills by providing good visibility (lighting) 

• Prevents unauthorized access to facilitY (access control) 

Disadvantages of Security 
, . 

• May not be feasible for smaller facilities 

• May be costly (e.g.,' installation of lighting systems) 

.' May increase energy costs as a result of additional, lighting 

• May not be feasible to have extensive access controls at smaller facilities 
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I What Are They 

The activities conducted at an industrial site often result in the materials being deposited on clothes 
and footwear and the· being carried throughout the facility site. As a result, these materials may 
find their way into the storm water runoff. 

Area control procedures involve practicing good housekeeping measures such as maintaining indoor 
o,r covered material storage and industrial processing areas. If. the area is kept clean, the risk of 
accumulating materials on footwear and clothing' is reduced. In turn, the chance of left over 
pollutants making contact with storm water and polluting surface water is minimized. 

I When and Where to Use Them I. 
Area control measures can be used at any facility where materials. may be tracked into areas where 
they can come in contact with storm water runoff. Areas can include .material handling areas, 
storage areas, or process areas. 

I What to Consider 

Materials storage areas and industrial processing areas should be checked regularly to ensure that 
good housekeeping measur~s are being implemented. Cover-garments, foot mats, and other 
devices used to collect residual material near the area should be cleaned regularly. ' 

Other effective practices include the following: 

• Brushing off clothing before leaving the area 

• 
• Stomping feet to remove material before leaving the area 

• Using floor mats at area exits 

• Using coveralls, smocks, and other overgarments in areas where exposure to material is of 
greatest concern (employees should remove the overgarments before leaving the area) 

• Posting signs to remind employees about these practices. 

Advantages of Area ,Control Procedures 

• Are easy to implement 

• Result in a cleaner facility and improved work environment 

Disadvantage of Area Control Procedures 
, 

• May be seen as tedious by employees and therefore may not be followed 
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I What Is It I 
Materials that accumulate on vehicles and then scatter across industrial sites represent an 
important source of storm water contamination. Vehicle washing removes materials such as site
specific dust and spilled materials that have accumulated on the vehicle. ,If not removed, residual 
material will be spread by gravity, wind, snow, or rainfall as the vehicles move across the facility 
site and off the 'site.' . , . 

I When and Wh~reto Use It I 

'OturlN -ro T£'~TMeN'r 
P~NI· 

FIGURE 4.9 TRUCK WASHING AREA 

This practice is appropriate for any facility where' vehicles come into contact with raw materials on 
a site. .If possible, the vehicle washing area should be built near the location where the most, 
vehicle activity occurs. Wastewater from vehicle washing should be directed away from process 
materials to' prevent contact. Those areas include material. transfer areas, loading. and unloading 
areas, or areas located just before the site' exit. 

I What to Co~sider' 
When considering the method of vehicle washing, the facility should consider using a high-pressure 
water spray with no detergent additives. In general, water will adequately remove contaminants 
from the vehicle. If detergents are used, they may cause other environmental impacts .. Phosphate
or organic-containing compounds should be avoided. 
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If this practic~ is considered, truck wash waters will result in a non-storm water discharge, thus 
requiring an application for an NPDE;S permit to covenhe discharge. . 

Blowers or vacuums should be considered where the materials are dry and easily removed 'by air. 

Advantages of Vehicle Washing 

• Prevents dispersion of materials across the facility site 

• Is necessary only where methods for'transferring contained materials and minimizing 
exposure have not been successfully adopted and implemented 

Disadvantages of Vehicle Washing 

• May be costly to construct a truck washing facility 

I ' 
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4.5 SEDIMENT AND EROSION PREVENTION PRACTICES 

Any site where soils-are exposed to water, wind or .icetan have soil erosion and sedimentation 
problems. Erosion is a natural process in which soil and rock material is loosened and removed. 
Sedimentation occurs when soil particles are suspended in surface runoff or wind and are deposited 
in streams and other water bodies. . . . - . 

Human activities can a~celerate erosion by removing vegetation, compacting or disturbing the soi/, 
changing natural drainage patterns, and by covering the ground with impermeable surfaces 
(pavement, concrete, buildings). When the land surface is developed or "hardened" in this manner, 
storm water and snowmelt can not seep into or "infiltrate" the ground. This results in larger r _ 

amounts of water moving more quickly across a site which can carry more sediment and other 
pollutants to streams and rivers. 

EPA's General Permit requires that all industries identify in their Storm Water Pollution Prevention 
Plans areas that may have a high potential for soil erosion. This includes areas with such heavy 
activity that plants cannot grow, soil stockpiles~ stream banks, steep slopes, construction areas, 
demolition areas, and any area where- the soil is disturbed, denuded (stripped of plants), and subject 
to wind and water erosion. EPA further requires that you take steps to limit this erosion. 

There are seven ways to limit and control sediment and erosion on your site: 

• Leave as much v~getation (plants) onsite as possible: 

• Minimize the time that soil is exposed. 

• Prevent runoff from flowing across disturbed areas (divert me flow to vegetated areas). 

• Stabilizing -the disturbed soils as soon as possible. 

• Slow down the runoff flowing across the site. 

• Provide drainage ways for the increased runoff (use grassy'swales rather than concrete 
drains). 

• Remove sediment from storm water runoff before it leaves the site. 

Using these measures to control erosion and sedimentation is an important part of storm water 
management. Selecting the best set of sediment and erosion prevention measures for your 
industry depends upon the nature of the activities on your site (i.e., how much construction or land 
disturbance-there is) and other site-specific conditions (soil type, topography, climate, and season). 
Section 4.5.1 discusses some temporary and permanent ways to stabilize your site. Section 4.5.2 

,describes more structural ways to .control sediment and erosion: . -.-

In some arid regions, growing vegetation to prevent erosion may be difficult. The local Spil 
Conservation Service Office or County Extension Office can provide information on any special 
measures necessary to promote the establishment of vegetation! 

4.5.1 Vegetative Practices 

Preserving existing vegetation or revegetatiilg disturbed soil as soon as possible after construction 
is the most effective way to control erosion., A vegetation cover reduces erosion potential in four 
ways: (1) by shielding the soil surface from direct erosive impact of raindrops; (2) by improving 
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the soil's water storage porosity and capacity so more water can infiltrate into the ground; (3) by 
slowing the runoff and allowing the sediment to drop out or deposit; and (4) by physically holding 
the soil in place with- plant roots. 

Vegetative cover can be grass, trees, shrubs, bark, mulch, or straw. Grasses are the most 
common type of cover used for revegetation because they grow, quickly, providing erosion 
protection within days. Other soil stabilization practices such' as straw or mulch may be used 
during non-growing seasons to prevent erosion. Newly planted shrubs and trees establish root 
systems more slowly, so keeping existing ones is a more effective practice. 

Vegetative and other site stabilization practices.can be either temporary or permanent controls. 
Temporary controls provide a cover for exposed or disturbed areas for short periods of time or until 
permanent erosion controls are put in place. Permanent vegetative practices are used when 
activities that disturb the soil are completed or when erosion is occurring on a site that is otherwise 
stabilized. The remainder of this section describes the common vegetative practices listed below: 

• Preservation of Natural Vegetation 

• Buffer Zones 

• Stream Bank Stabilization 

• Mulching, Matting, and Netting 

• Temporary Seeding 

• Permanent Seeding and Planting 

• Sodding 

• Chemical Stabilization. 
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I What Is It I 
The preservation of natural vegetation (existing trees, vines, brushes, and grasses) provides natural 
buffer zones. By preserving stabilized areas; it minimizes erosion potential, protects water quality;, 
and provides aesthetic benefits. This practice is used as a permanent control measure. 

I When and Wh~re to Use ,It I 
This technique is applicable to all types of sites. Areas where preserving vegetation can be 
particularly beneficial are floodplains, wetlands, stream banks, steep slopes,' and' other areas where 
erosion controls would be difficult to establish, install, or maintain., 

I What to Consider 

Preservation of vegetation on a site should be planned before any site disturbance begins. 
Preservation requires good site management tq minimize the impact of construction activities on 
existing vegetation. Clearly mark the trees to be preserved and protect them from ground 
disturbances around the base of the tree. Proper maintenance is important to ensure healthy 
vegetation that can control erosion. Different species, soil types, and climatic 'conditions will 
require different maintenance activities such as mowing, fertilizing, liming, irrigation, pruning, and 
weed and pest control. Some Statellocal regulations require natural vegetation to be preserved in 
sensitive areas; consult the appropriate State/local agencies for more information on their 
regulations. Maintenance should be performed regul,arly, especially during construction. 

Advantages of Preservation of Natural Vegetation 

• Can handle higher quantities of storm water, run,off than. newly seeded areas 

• Does not require time'to establish (i.e., effective immediately) 

• Increases the filtering capacity because the vegetation and root structure are usually 
denser in preserved natural vegetation than in newly seeded. or base areas 

• Enhances aesthetics 

• Provides areas for infiltration, reducing the quantity and, velocity of storm water runoff 

• Allows areas where wildlife can remain undisturbed 

• Provides noise buffers and' screens for onsite operations 
. , 

to Usually requires less maintenance (e.g., irrigation, fertilizer) than planting new vegetation 

Disadvantages' of Preservation of Natural Vegetation 

Requires planning to preserve and maintain the existing vegetation 
, 

• 
.. May not be cost effective with high land costs 

, 

• . May constrict' area available for construction activities 
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,/ 

1. Vegetation absorbs the energy of falling rain 

2. Roots hokI soil particles in place 

3. Vegetation ~lps to maintain 
absorb1ive capacity 

4. Vegetation slows the velocity of runoff 
and acts as a filter to catch sediment 

FIGURE 4.10 BENEFITS OF PRESERVING NATURAL VEGETATION 
(Modified from Washington State. 1992) 

/ 
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... } . 

I What 'Are They I -
Buffer zones are vegetated strips of land used for temporary or permanent water quality benefits. 
Buffer zones are used to decrease the velocity of storm water runoff, which in turn helps to 
prevent soil erosion. Buffer zones are different from vegetated filter strips (see section on 
Vegetated Filter Strips) because buffer zone effectiveness is not measured by its ability to improve 
infiltration (allow water to go into the ground). The buffer zone can be an area of vegetation that 
is left undisturbed during construction, or it can be newly planted. 

FIGURE 4.11 EXAMPLE BUFFER ZONE 
(Modified from Washington State, 1992) 

I When and Wher~ to Use Them' 

Buffer zones technique can be used at' any site that can support vegetation. Buffer zones are 
particularly effective on floodplains, next to wetlands, along stream banks, and on steep, unstable 
slopes. 

I 'What to Consider 

. If buffer zones are preserved, existing vegetation, good planning, and site management ~re needed 
to protect against disturbances such as grade changes, excavation, damage from equipment, and 
other activities. Establishing new buffer strips 'requires the establishment of a good dense turf, 
trees, and shrubs (see Perma~ent Seeding and Planting). Careful maintenance is important to 
ensure healthy vegetation. The need for routine maintenance such as mowing, fertilizing, liming, 
irrigating,' pruning, and weed and pest control will depend on the speCies of plants and trees 
involved, soil types, and climatic conditions. Maintaining planted areas may require debris removal 
.and protection against unintended uses or traffic: Many State/local storm water program or zoning 
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agencies have regulations which define required or allowable buffer zones especially near sensitive 
areas such as wetlands. Contact the appropriate Statellocal agencies for their requirements. 

Advantages of Buffer Zones 

• Provide aesthetic as well as water quality benefits 

• Provide areas for infiltration, which reduces amount and speed of -storm water runoff 
-

• Provide areas for wildlife habitat 

• Provide areas for recreation 

• Provide buffers and screens for onsite noise if trees or large bushes are used 
-

• Low maintenance requirements 

• Low cost when using existing vegetation 

Disadvantages of Buffer Zones 

• May not be cost effective to use if the cost of land is high 

• Are not feasible if land is not available 
. -

• Require plant growth before they are effective 
.' 
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I Wh~t Is.t I 
Stream bank stabilization is used to prevent stream bank erosion from hig'h velocities and Quantities 
of storm water runoff. Typical methods include the following: , 

• Riprap-Large angular stones placed along the stream bank or lake 

• Gabion-Rock-filled wire cages that are used to create a new stream bank 

• Reinforced Concrete-Concrete' bulkheads and retaining walls that replace natural stream 
banks and create a nonerosive surface 

• Log Cribbing-Retaining walls built of logs to anchor the soils against erosive forces. Usually 
built on the outside of stream bends 

., Grid Pavers-Precast or poured-in-place concrete units that are placed along stream banks to 
stabilize the stream bank and 'create open spaces where vegetation can be established 

• Asphalt-Asphalt paving that is placed along the natural stream bank to create a non erosive ' 
, surface. 

I When and Where to US,e It I 
Stream bank stabilization is used where vegetative stabilization practices are riot practical and 

, where the'stream banks are subject to heavy erosion from increased flows or,disturbance during' 
construction. Stabilization should occur before any land development in the watershed area. 
Stabilization can also be retrofitted when erosion of a stream bank occurs. 

What to Consider 

Stream bank stabilization structures should be planned and designed by a professional engineer 
licensed in the State where the site is located. Applicable Federal, State, and local requirements 
should be followed, including Clean Water Act Section 404 regulations. An important des'ign 
feature of stream bank stabilization methods is the foundation of the structure; the potential for the 
stream to erode the sides and bottom of the channel should be considered to'make sure the 
stabilization measure will be supported properly. Structures can be designed to protect and 
improve natural wildlife habitats; for example, log structures and grid pavers can be designed to 
keep vegetation. Only pressure-treated 'Nood should be used in log structures. Permanent 
structures should be designed to handle expected flood conditions. A well-designed layer of stone 
can be used in many ways and in many locations to control erosion and sedimentation. Riprap 
protects soil from erosion and is often used on steep slopes built with fill materials that are subject 
to harsh weather or seepage. Riprap can ,also be used for flow channel liners, inlet and outlet 
protection at culverts, stream bank protection, and protection of-shore lines subject to wave action. 
It is used where water is turbulent and fast flowing and where soil may erode under the design , 
flow conditions. It is used to expose the water to air as well as to reduce water energy. Riprap 
and, gabion (wire mesh cages filled with rock) are usually placed over a filter blanket (i.e., a gravel 
layer'or filter cloth). Riprap is either a uniform size or graded (different sizes) and is usually applied 
in an even layer throughout the stream. ' Reinforced concrete structures may require positive 
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Grid Pavers 

Cross Logs 

;(!F'it'?'~~~ EXISTING OANIC1..INE 

Riprap 

Ga 1 van; zed Wi re Mesh 
Capp,ng 

AnChor 
Stake 

Log snug against bank 
as much as poss,ble 

Side View 

Log Cribbing 

Gabion 

FIGURE 4.12 EXAMPLES OF STREAM BAN~ STABILIZATION PRACTICES 
(Modified from Commonwealth of Virginia. 11980. and Commonwealth of .,ennsylvania. 1990) 
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drainage behind the -bulkhead or retaining wall to prevent erosion around the structure. Gabion and 
grid pavers should be installed according to manufacturers' recommendations. 

Stream ban!<- stabilization structures should be inspected regularly and after each large storm event. 
Structures should be maintained as installed. Structural damage should be repaired as soon as 
possible to prevent further damage or erosion to the stream bank. 

Advantages of Stream Bank Stabilization. 

• Can provide control·against erosive forces caused by the increase in storm water flows 
created during land development , 

• Usually will not require as much maintenance as vegetative erosion controls 
, 

• May provide wildlife habitats 

• Forms a dense, flexible, self-healing cover that will adapt well to uneven surfaces (riprap) 

Disadvantages of Stream Bank Stabilization 

• Does not provide the water quality or, aesthetic benefits that vegetative practices could 

• Should be designed by qualified professional ~ngineers, which may increase project costs 
'. 

" 

• May be expensive (materials costs) 

• May require. additional permits for structure 

• May alter stream dynamics which cause changes in the channel downstream 

• May cause negative impacts to wildlife habitats 
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I What Are They I -
Mulching is a temporary soil stabilization or erosion control practice where materials such as grass, 
hay, woodchips, wood fibers, straw, or gravel are placed on the soil surface. In addition to 
stabilizing soils, mulching can reduce the speed of storm water runoff over an area. When used 
together with seeding or planting, mulching can aid in plant growth by holding the seeds, fertilizers, 
and topsoil in place, by preventing birds from eating seeds, helping to retain moisture, and by 
insulating against extreme temperatures. Mulch mattings are materials (jute or other wood fibers) 
that have been formed into sheets of mulch that are. more stable than normal mulch. Netting is 
typically made from jute, other wood fiber, plastic, paper, or cotton and can be used to hold the 
mulching and matting to the ground. Netting can also be used alone to stabilize soils while the 
plants are growing; however, it does not retain moisture or temperature well. Mulch binders (either 
asphalt or synthetic) are sometimes used instead of netting to hold loose mulches together. 

Shallow 
Slop.a 

FIGURE 4.13 ORIENTATION OF MULCH NETTING AND MATTING 
(Modified from County of Fairfax, 1987) 
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I When· and Where to Use Them 

Mulching is often us~d alone in areas where temporary seeding cannot be·used because of the 
season or climate. Mulching can provide immediate, effective, and inexpensive erosion control. On 
steep slopes and critical areas such as waterways, 'mulch matting is used with netting or anchoring 
to hold it in place. 

Mulch seeded and planted areas where slopes are steeper than 2: 1, where runoff is flowing across 
the area, or when seedlings .need protection from bad weather. 

I What to Consider· 

Use of mulch mayor may not require a binder, nett,ng, ,ot the tacking of mulch to the ground~ 
Effective netting and matting require firm, continuous contact between the materials and the soil. 
'If there is no contact, 'th~ material will not hold the soil and erosion will occur underneath the' 
material. Final. grading is not necessary before mulching .. Mulche~ areas should be inspected often 
to find where mulched material has been loosened or removed. Such areas should be reseeded (if 
necessary) and the mulch cover replaced immediately. Mulcfl binders should be applied at rates . 
recommended by,the manufacturer or, if asphalt is used, at rates of approximately 480 gallons per 
acre (Arapahoe County, 1988). 

. .. 

Advantages of Mulching, Matting, and Netting 

• Provide immediate protection to soils that' are exposed and that are subject to heavy 
erosion 

• Retain moisture, which may minimize the need for watering 

• Require no removal because of natural deterioration of mulching and matting 

Disadvantages of Mulching, Matting, and Netting 

• May delay germination of some seeds because cover reduces the soil surface temperature 

• Netting should be removed after usefulness is finished, then landfilled or composted 
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I What Is It I 
Temporary seeding means growing a short-term vegetative cover (plants) on disturbed site areas 
that may ,be in danger of erosion. The purpose of temporary seeding is to reduce erosion and 
sedimentation by stabilizing disturbed areas that will not be stabilized for long periods of time or 
where permanent plant growth is not nece§sary or appropriate. This practice uses fast-growing 
grasses whose root systems hold down the soils so that they are less apt to be carried offsite by 
storm water runoff or wind. Temporary seeding also reduces the problems associated with mud 
and dust from bare soil surfaces during construction. ' 

./.- '.:. 
~-=:;;;.o,.' -' 

1. Hydro-seeding 

2. Standard Seeding • 
I 

.. . ~; ..... ;~, 

3. Hand Seeding or 
Broadcast Seeding 

FIGURE 4.14 SEEDING PRACTICES. 
(Modified from, Washington State. 1992) 

I When and Where to Use It I 
Temporary seeding should be performed on areas which have been disturbed by construction and 
which are likely to be redisturbed, but not for several weeks or more. Typical areas might include 
denuded areas, soil stockpiles, dikes, dams, sides of sediment basins, and temporary roadbanks. 
Temporary seeding should take place as soon as practicable after the last land disturbing activity in 
an area. Check the requirements of your permit for the maximum amount of time allowed between 
the last disturbance of an area and temporary stabilization. Temporary seeding may not be an 
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effective practice in arid and, semi-arid' regions where the climate prevents fast plant growth, 
particularly during the dry seasons. hi those areas, mulching or chemical stabilization may be 
better for the short-term (see sections on Mulching, Geotextiles, and Chemical Stabilization). 

I What to Consider ,. 

Proper seed bed preparation and the use of high-quality seed are needed to grow plants for 
effective erosion control. Soil that has been compacted by heavy traffic or machineiy may need to 
be loosened. Successful growth usually requires that the soil be tilled before the seed is applied. 
Topsoiling is not necessary for temporary. seeding; however, it may improve the chances of 
establishing temporary vegetation in an area. Seed bed preparation may also require applying 
fertilizer andlor lime to the soil to make conditions more suitable for plant growth. Proper fertilizer, 
seeding mixtures, and seeding rates vary depending on the location of the site, soil types, slopes, 

, and season. Local suppliers, State and local regulatory agencies, and the USDA Soil Conservation 
Service will supply information on the best seed mixes and soil conditioning methods., 

Seeded areas should be covered with mulch to provide protection from the weather. Seeding on 
slopes of 2: 1 or more, in adverse soil conditions, during excessively hot or dry weather, ,or where 
heavy rain is expected should be followed by spreading mulch (see section on Mulching). Frequent 
inspections are necessary to check that conditions for growth are good. If the 'plants do not grow 
quickly' or thick enough to prevent erosion, the area should be reseeded as soon as possible. 
Seeded' areas should be kept adequately moist. If normal rainfall will not be enough, mulching, 
matting, and controlled watering should be done. If seeded areas are'watered,·watering rates . 
should be watched so that over-irrigation (yvhich can cause erosion . itself) does not occur. 

Advantages of Temporary Seeding 

• Is generally inexpensive and easy to do 

• Establishes plant qover fast when conditions are good -
• Stabilizes soils well, is aesthetic, and ~an provide sedimentation controls for other site 

areas 

.. May help reduce costs of maintenance on other erosion controls (e.~., sediment basins 
may need to be cleaned out less often) 

Disadvantages of Temporary Seeding 

• Depends heavily on the season and rainfall rate for success 
.-

• May require extensive fertilizing 'of plants grown on so~e soils, which can cause problems 
with local water quality 

• Requires protection from heavy use, once seeded 
> 

• May produce vegetation that requires irrigation and maintenance 
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I What Is It I 
Permanent seeding of grass and planting trees and brush provides stabilization to the soil by 
holding soil particles in place. Vegetation reduces sediments anq rU'1off to downstream areas by 
slowing the velocity of runoff and permitting greater infiltration of the runoff. Vegetation also 
filters sediments, helps the soil absorb water, improves wildlife habitats, and,enhances the 
aesthetics of a site. 

AGURE 4.15 ESTABLISHING PERMANENT COVER WITH 
VEGETATION 

(Modified from State of North Carolina, 1988) 

I When and Where to Use It I 
Permanent seeding and planting is appropriate for any graded or cleared area where long-lived plant 
cover is desired. Some areas where permanent seeding is especially important are filter strips, 
buffer areas, vegetated swales, steep slopes, and stream banks. This practice is effective on areas 
where soils are unstable because of their texture, structure, a high water table, high winds, or high 
slope. When seeding in northern areas during fall or winter, cover the area with mulch to provide a 
protective barrier against cold weather (see Mulching). Seeding should also be mulched if the 
seeded area slopes 4:1 or more, if soil is sandy or clayey,. or if weather is excessively hot or dry. 
Plant when conditions are most favorable for growth. When possible, use low-maintenance local 
plant species. Install all other erosion control practices such as dikes, basins, and surface runoff 
control measures before planting. 

I What to Consider 

For this practice to work, it is important to select appropriate vegetation, prepare a good seedbed, 
properly time planting, and water and "Fertilize. "Planting local plants during their regular growing" 
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season will increase the chances for success and may lessen the need for watering. Check seeded . 
areas frequently for proper watering and growth conditions. 

Topsoil should be used on areas where topsoils ryave been removed, where the soils are dense or 
impermeable, or where mulching and fertilizers alone cannot improve soil quality. Topsoiling should 
be coordinated with the seeding and planting practices and should· not be planned while the ground 
is frozen or too wet. Topsoil layers should be at least 2 inches deep (or similar to the existing 
topsoil depth). 

t • 

'To minimize erosion and sedimentation, remove as little existing topsoil as possible. Allsite 
controls should be in place before the topsoil is removed. Ift.opsoils are brought in from another 
site, it is . important that its texture is compatible with the subsoils onsite; for example, sandy 
topsoils are not compatible with clay subsoils. 

Stockpiling of topsoils onsite requires good planning so soils will not obstruct .other operations., If 
soil is to be stockpiled, consider using temporary. seeding, mulching, or silt fencing to prevent or 
control erosion. Inspect the stockpiles frequently for erosion. After topsoil has been spread, 

. inspect it regularly, and reseed or replace areas that have eroded. 

Advantages of Permanent Seeding and Planting 
c' 

• Improves the 'aesthetics of a site 

• Provides excellent stabilization 

• Provides filtering of,sediments 

• Provides wildlife habitat 

• Is relatively inexpensive 

Disadvantages of Permanent Seeding and Planting 

• May require irrigation to establish vegetation 

• Depends initially on climate and weather for success 
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I What Is It 

Sodding stabilizes an area by establishing permanent vegetation, providing erosion and 
sedimentation controls, and providing areas where storm water can infiltrate the ground. 

SODDING 

r--:--- .... I .:. .'. -..;. ;:t , Lay 5Qd ; n a staggered .. - ............ ",,-. I~' . '. . ._. 
, -- -.- r ...... -- ? 

-.. -.1 .. , -:-: .-.' J .. ' - --.. -=. _. i _ ....... ~. -.. _ .. ! "ot ~. 

I
' ' ,- - _.-:-1 
-.....- °0

- ..... J ... - .. ~':-:'l ~~ -.': .. ~"', 
.. - .. --~ 

I 
Ii 

I ! ! 
;.I,d .!. 

~.~- -. .. .~:-:~.-- -- ~: ... ;":": .. ' ;:.:.;- ..•. :~:;..-. 
ROLL sgd 1911<1i,utly WATER tQ • 'g'Rt!! ' MOW Do til. SAg is 

Af ,. jlS ott<l«sl. established, 

FIGURE 4.16 SODDING 
(Modification from County of Fairfax. 1987) 

I When and Where to Use It I 
Sodding is appropriate for any graded or cleared area that might erode and where a permanent, 
long-lived plant cover is needed immediately. E>camples of where sodding' can be used'are buffer 
zones, stream banks, dikes, swales, slopes, outlets, level spreaders, and filter strips. 

I What to Consider 

The soil surface should be fine-graded before laying down the sod. Topsoil may be needed in areas 
where the soil textures are inadequate (see topsoil discussion in section on Permanent Seeding and 
Planting). Lime and fertilizers should be added to the soil to promote good growth conditions. 
Sodding can be applied in alternating strips or other patterns, or alternate' areas can be seeded to 
reduce expense. Sod should not be planted during very hot or wet weather. Sod should not be 
placed on slopes that are greater than 3:1 if they are to be mowed. If placed on steep slopes, sod 
should be laid with staggered joints and/or be pegged. In areas such as steep slopes' or next to 
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, running waterways, chicken wire, jute, or other netting can be placed over the sod for extra 
protection against lifting (see Mulching, Matting, and Netting). Rolled or compact immediately after 
installation to ensure firm contact with the underlying topsoil., Inspect the sod frequently after it is, 
first installed, especially after large storm events, until it is established as permanent cover. 
Remove and replace dead sod, Watering may be necessary after planting and quring periods of 
intense heat and/or lack of rain. . 

,. 

Advantages of Sodding 

• Can provide immediate vegetative. cover and erosion control 
, , 

• Provides more stabilizing protection than initial seeding tl1rough dense cover formed by sod 

• Produces lower weed growth than seeded vegetatior;l 
.-

• Can be used for site activities within a shorter time than can seeded vegetation 

'. Can be placed at any time of the year as long as moisture conditions in the soil are 
favorable, except when ,the ground is frozen , 

Disadvantages' of Sodding' 

• Purchase and installation costs are higher than for seeding 

• May require continued irrigation if the sod is placed during dry seasons or on sandy soils 
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I What Is It I 
Chemical stabilization practices, often referred to as a chemical mulch, soil binder, or soil palliative, 
are temporary erosion control practices. Materials made of vinyl, asphalt, or rubber are sprayed 
onto the surface of the soil to hold the soil in place and protect against erosion from storm water 
runoff and wind. Many of the products used for chemical stabilization are human-made, and many 
different products are on the market. . 

I When and Where to Use It I 
Chemical stabilization can be used as an alternative in areas where temporary seeding practices 
cannot be used because of the season or climate. It can provide immediate, effective, and 
inexpensive erosion control anywhere erosion is occurring on a site. 

I What to Consider 

The application rates and procedures recommended by the manufacturer of a chemical stabilization 
product should be followed as closely as possible to prevent the products from forming ponds and 
from creating large areas where moisture cannot get through. 

Advantages of Chemical Stabilization 

• Is easily applied to the surface of the soil 

• Is effective in stabilizing areas where plants will not grow 

• Provides immediate protection to soils that- are in danger of erosion 

Disadvantages of Chemical Stabilization 

• Can create impervious surfaces (where water cannot get through), which may in tum 
increase the amount and speed of storm water runoff 

• May cause harmful effects on water quality if not used correctly 

• Is usually more expensive than vegetative cover 
/ 
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4.5.2 Structural Erosion Prevention and Sediment Control Practices 

Structural practices 1:.Ise,d in sediment and erosion cO,ntrol, divert storm water flows away from 
exposed areas, ,convey runoff, prevent sediments, from moving offsite, and can also reduce the 
erosive .forces of runoff waters. The controls can either be used as permanent or temporary 
measures. Practices discussed include the following: ' 

• Interceptor Dikes a~d Swales 

• Pipe S"lope Drains 

• Subsurface Drains 

• Filter Fence 

• Straw Bale Barrier 

• Brush Barrier 

• Gravel or Stone Filter Berm 

• Storm Drain Inlet Protection 

• Sediment Trap 

• Temporary Sediment Basin 

• Outl,:tt Protection 

.. Check Dams 

• SUrfCiCe Roughening 

• Gradient Terraces. 
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I What Are They 

Interceptor dikes (ridges of compacted soil) and swales (excavated depressions) are used to keep 
upslope runoff from crossing areas where there is a high risk of erosion. They reduce the amount 
and speed of flow and then guide it to a stabilized outfall (point of discharge) (see section on Outlet 
Protection) or sediment trapping area (see sections on Level Spreaders, Vegetated Filter Strips, 
Sediment Traps, and Temporary Sediment Basins). Interceptor dikes and swales divert runoff using' 
a combination of earth dike and vegetated swale. Runoff is channeled away from locations where 
there is a high risk of erosion by placing a diversion dike or swale at the top, of a sloping disturbed 
area. Dikes and swales also collect overland flow, changing it into concentrated flows (i.e., flows 
that are combined). Interceptor dikes and swales can be either temporary or permanent storm 
water control structures. . 

2'RAPEZOIDAL CROSS-SECTION 

PARABOLIC CROSS-SECTION 

FIGURE 4.17 TYPICAL INTERCEPTOR DIKES AND SWALES 
(Modified from State of'Maryland, 1983) 

I When and Where to Use Them 

Interceptor dikes and swales are generally built around the perimeter of a construction site before 
any major soil disturbing activity takes place. Temporary dikes or swales may also be used to 
protect existing buildings; areas, such as stockpiles; or other small areas that have not yet been 
fully stabilized. When constructed along the upslope perimeter of a' disturbed or high-risk area 
(though not necessarily all the way around it), dikes or swales prevent runoff from uphill areas from 
crossing the unprotected slope. Temporary dikes or swales constructed on the down slope side of 
the disturbed or high-risk area will prevent runoff that contains sediment from leaving the site . 
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before sediment is removed. For short slopes, a dike or swale at the top of the slope reduces the 
amount of runoff reaching the disturbed area. FolJ" longer slopes, several dikes or swales are placed 
across the slope at intervals. This practice reduces the amount of runoff that accumulates on the 
face of the slope and carries the runoff safely down the slope. In all cases, runoff is guided to a 
sediment trapping area or a stabilized outfall befor~ release~ 

I What to Consider 

Temporary dikes and swales are used on areas of ov.erland flow; if. they remain in place longer than 
1 5 days, they should be stabilized. Runoff channeled by a dike or swale should be directed to an 
adequate sediment trapping area or stabilized outfall. Care should be taken to provjde enough 
slope for drainage but not too much slope to cause erosion due to high runoff flow speed. 
Temporary interceptor dikes and swales may remain in place as long as 12 to 18 months (with 
proper stabilization). or be rebuilt at the end of each day's activities. Dikes or swales should .remain 
in place until the area they were built to protect is permanently stabilized. Interceptor dikes and 
swales can bepermanerit controls. However, permanent controls: should be designed to handle 
runoff after construction is complete; should be permanently stabilized; and should be inspected 
and maintained on a regular basis. Temporary and permanent control measures should be 
inspected once .each week on a regular schedule and after every storm. Repairs necessary to the 
dike and flow channel should be made promptly. 

Advantages of Interceptor. Dikes and Swales 

• Are simple and effective for channeling runoff away .from areas subject to erosion 

• Can handle flows from large drainage areas 

.' Are inexpensive. because they use materials .and equipment normally found onsite 

Disadvantages of Interceptor Dikes and Swales 

• If constructed improperly, can cause erosion and sediment transport since flows are 
concentrated . .-

• May cause problems to vegetation growth if wa~erflow is too fast 

• Require additional maintenance, inspections, and repairs 
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I What Are They I 
Pipe slope drains reduce 'the risk of erosion by discharging runoff to stabilized areas. Made of 
flexible or rigid pipe, they carry concentrated runoff from the top to the bottom of a slope that has 
already been damaged by erosion or is at high risk for erosion. They are also used to drain 
saturated slopes that have the potential for soil slides. Pipe slope drains can be either temporary or 
permanent depending on the method of installation and material 'used. 

RGURE 4.18 FLEXIBLE PIPE SLOPE DRAIN 
(Modified from State of Maryland, 1983) 

I When and Where to Use Them 

Pipe slope drains are used whenever it is necessary to convey water down a slope without causing 
erosion. They are especially effective before a slope has been stabilized or before permanent 
drainage structures are ready for use. Pipe slope drains may be used with other devices,including 
diversion dikes or swales, sediment traps, and level spreaders (used to spread out storm water 
runoff uniformly over the surface of the ground). Temporary pipe slope drains, usually flexible 
tubing or conduit, may be installed prior to the construction of permanent drainage structures. 
Permanent slope drains may be placed on or beneath the ground surface; pipes, sectional 
downdrains, paved chutes, or clay tiles may be used. . 
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Paved chutes may be covered with a'surf.ace of concrete or other impenetrable material. 
Subsurface drains can be constructed of concrete, PVC, clay tile, corrugated metal, or other 
permanent material.- ' 

1 What to Consider I' 

The drain design should be able to handle the volume of flow. The effective life span of a 
temporary pipe slope drain is up to 30 days after permanent stabilization has been achieved. The 
maximum recommended drainage area for pipe slope drains is 10 acres (Washington State, 1992). 

The inlets and outlets of a pipe slope drain should be stabilized. This' means that a flared end 
section should be used at the entrance of the pipe. The soil around the pipe entrance should be 
fully compacted. The soil at the discharge end of the pipe should be stabilized with riprap (a 

'combination of large stones, cobbles, and boulders). The riprap should be 'placed along the bottom 
of a swale which ieads to a sediment trapping structure or another stabilized area. 

Pipe slope drains should be inspected on a regular schedule and after any major storm. Be sure 
that the inlet from the pipe is properly installed to prevent bypassing the inlet and undercutting the 
structure. If necessary, install a headwall, riprap, or sandbags 'around the inlet. Check the outlet 
point for erosion and check toe pipe for'breaks or clogs. Install outlet protection if needed and 
promptly clear breaks and clogs. ' ' 

Advantage,s of Pipe Slope Dr:ains 

• ,Can reduce or eliminate erosion by transporting runoff down' steep slopes or by draining 
saturated soils . 

• Are easy to install and require little maintenance 

Disadvantages of Pipe Slope Drains 

• Require that the area disturbed by the installation of the drain should be stabilized or,it, 
too, will be subject to erosion 

• May clog during a large sto,rm 

J 
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I What Are They 

A subsurface drain is a perforated pipe or conduit placed beneath the surface of the ground at a . 
designed depth and grade. It is used to drain an area by lowering the water table. A high water 
table can saturate soils and prevent the growth of certain types of vegetation. Saturated soils on 
slopes will sometimes "slip" down the hill. Installing subsurface drains can help prevent these 
problems. 

Parallel Pattern 

Wet Areas , I 

I 

Random Pattern 

Herringbone Pattern 

-Outlet 

Typical Subsurface Drain Patterns 

Water Table Before Drainage 
Water Table After Drainage 

. Interceptor Drain 
Seepage Area 

Effect of Subsurface Drains on Water Table 
FIGURE 4.19 SUBSURFACE DRAINS 

(Modified from Commonwealth of Virginia. 1980) 
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I When and Where to Use Them 

There are two types-of subsurface drains: relief drains and interceptor drains. 'Relief drains are 
used to dewater an area where the water table is high. They may be placed in a gridiron, 
herringbone, or random pattern. Interceptor drains are used to remove water where sloping soils 
are excessively wet or subject to slippage. They are usually placed as single pipes instead of in 
patterns. Generally, subsurface drains are suitable only in areas where the soil is deep enough for 
proper installation. They are not recommended whe~e they pass under heavy vehicle crossings. 

I What to Consider 

Drains should be placed 'so that tree roots will not interfere with drainage pipes. The drain design 
~hould be adequate to handle the volume of flow. Areas disturbed by the installation of a drain 
should be stabilized or they, too, will be subject to erosion. The soil layer must be deep enough to 
allow proper installation. 

Backfill immediately' after the pipe is placed. Material used for backfill should be open granular soil 
that is highly permeable •. The outlet should be stabilized and should direct sediment-laden storm 
water runoff to a sediment trapping structure or another stabilized area. ' 

Inspect subsurface drains on a regular ~chedule and check for evidence of pipe breaks or clogging 
,by sediment, debris, or tree· roots. Remove blockage immediately, replace any broken sections, and 
restabilize the surface. If the blockage is from tree roots, it may be necessarv to relocate the drain. 
'Check inlets and outlets for sediment or debris. Remove and dispose of these materials properly. 

Advantages of Subsurface Drains 

• Provide an effective method for stabilizing wet sloping soils' 

• Are an effective way' to lower the water table 

Disadvantages of, Subsurface Drains 

• May be pierced and clogged by tree roots 

• Should not be installed linde'r heavy vehicle crossings 

• Cost more than surface drains because of the expenses of excavation for installation 
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I What Is It I 
A silt fence, also called a "filter fence," is a temporary measure for sedimentation control. It 
usually consists of posts with filter fabric stretched across the posts and sometimes with a wire 
support fence. The lower edge of the fence is vertically trenched and covered by backfill. A silt 
fence is used in small drainage areas to detain sediment. These fences are most effective where 
there is overland flow (runoff that flows over the surface of the ground as a thin, even layer) or in 
minor swales or drainageways. They prevent sediment from entering receiving waters. Silt fences 
are also used to catch wind blown sand and to create an anchor for sand dune creation. Aside 
from the traditional wooden post and filter fabric method, there are several variations of silt fence 
installation including silt fence which can be purchased with pockets presewn to accept use of 
steel fence posts. . 

Extension of fabric and wire 
into the trench 

FIGURE 4.20 FILTER FENCE DETAILS 
(Modified from State of North Carolina, 1988; 

and State of Wisconsin, 1988) 

I When and Where to Use I~ I 
A silt fence should be installed prior to major soil disturbance in the drainage area. Such a 
structure is only appropriate for drainage areas of 1 acre or less with velocities of 0.5 cfs or less 
(Washington State, 1992). The fence should be placed across the bottom of a slope or minor 
drainageway along a line of uniform elevation (perpendicular to the direction of flow). It can be 
used at the outer boundary of the work area. However, the" fence does not have to surround the 
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work area completely. In addition, a. silt fence is effective where sheet and. rill erosion may be a 
. problem. Silt fences should not be constructed in streams or SWales. ' 

I Whatto Consider' I. 
A silt fence is not appropriate for a large area or where the flow rate is greater than 0.5 cfs. This, 
type' of fence can be more effective than a straw bale barrier if properly installed andmaintained. 
It may be used in combination with other erosion and sediment practices. 

The effective life span for a silt fence is approximately 6 months. During this. period, the fence 
requires frequent inspection and prompt maintenance to maintain its effectiveness. Inspect the 
fence after each rainfall. Check for areas where runoff eroded a channel beneath the fence, or 
where the fence was caused to sag or collapse by runoff flowing over the top. Remove and 
properly dispose of sediment when it is one~third toone-half the height of the fence or after each 
storm. '.,' 

Advantages of a Filter Fence 

• Removes sediments and prevents downstream damage from sediment deposits 

Reduces thespeed~f runoff flow 
, 

• 

• Minimal clearing and grubbing required for installation 

. 
• Inexpensive 

Disadvantages of a Filter Fence 

• . May result in failure from improper choice of pore size in the filter fabric or improper 
installation 

• Should not be used in streams 

• 'Is only appropriate for small drainage areas with overland flow 

• Frequent inspection and maintenance is necessary to ensure effectiveness 
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I What Is It 

Straw bales can be used as a temporary sediment barrier. They are placed end to end in a shallow 
excavated trench {with no gaps in between) and staked into place. If properly installed, they can 
detain sediment and reduce flow velocity from small drainage areas. A straw bale barrier prevents 
sediment from leaving the site by trapping the sediment in the barrier while allowing the runoff to 
pass through. It can also be used to decrease the velocity of sheetflow or channel flows of low-to-
moderate levels. ' 

FIGURE 4.21 CROSS SECTION OF A PROPERLY INSTALLED 
STRAW BALE BARRIER 

(Modified from State of Wisconsin, 19'88) 

I When and Where to Use It I 
A straw bale barrier should be installed prior to major ~oil disturbance in the drainage area. This 
type of barrier is placed perpendicular to the flow, across the bottom of a slope or minor 
drainageway where there is sheetflow. It can be used at the perimeter of the work area, although 
is does not have to surround it completely. It can also be very effective when useq in combination 
with other erosion and sediment control practices. A straw bale barrier may be used where the 
length of slope behind the barrier is less than 100 feet al1d where the slope is less than 2: 1 . 

I What to Consider 

The success of a straw bale barrier depends on proper installation. The bales must be firmly staked 
into the entrenchment and the entrenchment must be properly bac~filled. )0 function effectively, 
the bales must be placed end to end and there can be no gaps between the bales. 

Straw bare barriers are useful for approximately 3 months. They must be inspected and repaired 
immediately after each rainfall or daily if there is prolonged rainfall. Damaged straw b'atcs reqLiire 
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immediate replacement. After each storm, or on a regular basis, trapped sediments must be 
removed and disposed of properly. 

Advantages of a Straw Bale Barrier 

• Can prevent downstream qamagefrom sediment deposits if properly installed, used, and 
maintained 

• Can be an inexpensive way to reduce or, prevent erosion 

Disadvantages of a Straw Bale Barrier 

• May not be used in streams or large swales 
, 

• Poses a risk of washouts if the barrier is installed improperly or a storm. is severe . 

• Has a sho~ life span and a high inspection and maintenance requirement 

• Is appropriate for only small drainage areas 

, -.. Is easily subject to misuse and can contribute to sediment problems 
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I What Is It I 
A brush barrier is a temporary sediment barrier constructed from materials resulting from onsite . 
clearing and grubbing. It is usually constructed at the bottom perimeter of the disturbed area. 
Filter fabric is sometimes used as an anchor over the barrier to increase its filtering efficiency. 
Brush barriers are used to trap and retain small amounts of sediment by intercepting, the flow from 
small areas of soil disturbance. 

p,lle;- ;:;i:76ni:. O";')oed' p,-,,,. el"lI$"h Pt1£ ~"d' 
5e~ret:l ;If 7i-{JHdr IVIIIt 
Ctlhlptlt:fed SRt:Kf',1! 

yq.fRt$~ Clebl"ls 18"'~A 
pl7~d t/h/~'''& il1 ,.uW 
r. ~ $/ff,.""U' 

FIGURE 4.22 BRUSH BARRIER 
(Modified from Washington State. 1992) 

I When and Where to Use It I 
A brush barrier should only be used to trap sediment from runoff which is from a small drainage 
area. The slope which the brush barrier is placed across should be very gentle. Do not place a 
brush barrier in a swale or any other channel. Brush barriers should be constructed below areas 
subject to erosion. 

I What to Consider 

The construction of a brush barrier should be started as soon as clearing and grubbing has 
produced enough material to make the structure. Wood chips should not be included in the 
material used for the barrier because of the possibility of leaching. When the site has been 
stabilized and any excess sediment has been disposed of properly, the filter fabric can be removed. 
Over time, natural vegetation will establish itself within the barrier, and the barrier itself will 
decompose. 

You will not have to maintain the brush barrier unless there is a very large amount of sediment 
being deposited. If used, the filter fabric anchor should be checked for tears and the damaged 
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sections replaced promptly. The barrier should be inspected after each rainfall and checked for ' 
areas breached by concentrated flow. If necessauy, repairs should be made promptly and excess 
sediment removed and disposed of properly. ' 

Advantages of a Brush Barrier 

• Can help prevent downstream damage from sediment deposits 
, ' 

. 
• Is constructed of clear~d onsite, materials and, thus, is inexpensive 

.' Usually requires little maintenance, unless there are very heavy sediment deposits 

Disadvantages of a Brush Barrier 

• 'Does not replace a sediment trap or basin 
. 

• Is appropriate for only small drainage areas 

. 
• Has very limited sediment retention 
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I What Is It I 
A gravel or stone filter berm is a temporary ridge constructed of loose gravel, stone, or crushed 
rock. It slows and filters flow, diverting it from an exposed traffic area. Diversions constructed of 
compacted soil may be used where there will be little or no construction traffic within the right-of 
way. They are also~used for directing runoff from the right-of-w~y to a stabilized outlet. 

Coarse aggregate ~. 

FIGURE 4.23 TYPICAL GRAVEL FILLER BERM 
(Modified from Commonwealth of Virginia, 1980) 

I When and Where to Use It I 
This method is appropriate where roads and other rights-of-way under construction should 
accommodate vehicular traffic. Berms are meant for use in areas with shallow slopes. They may 
also be used at traffic areas within the construction site. 

I What to Consider 

Berm material should be well graded gravel or crushed rock. The spacing of the berms will depend 
on the steepness of the slope: berms should be placed closer together as the slope increases. The 
diversion should be inspected daily, after each rainfall, or'if breached by construction or other 
vehicles. All needed repairs should be performed immediately. Accumulated sediment should be 
removed and properly disposed of and the filter material replaced, as necessary. 
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Advantages of a Gravel or Stone Filter Berm 

• Is a very efficient method of sediment control 

Disadvantages of a Gravel or Stone Filter Berm. 

• Is more expensive than methods that use onsite materials 
.' 

• Has a very limited life span 

• Can be difficult to maintain ,because of clogging, from mud and soil on vehicle tires --
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I What Is It I 
Storm drain inlet protection is a filtering measure placed around any inlet or drain to trap sediment. 
This mechanism prevents the sediment from entering inlet structures. Additionally, it serves to 
prevent the silting-in of inlets, storm drainage systems, or receiving channels. Inlet protection may 
be composed of gravel and stone with a wire mesh filter, block and' gravel, filter fabric, or sod. 

Excavated Gravel Inlet Prot,ection 

Sod Inlet Protection ......... 
EMBANIQAENT , 

C'Filter Fabric _ 

Filter Fabric Inlet Protection Block and Gravel Inlet Protection 
FIGURE ~.24 EXAMPLES OF STORM DRAIN INLET PROTECTION 

Modified from State of North Carolina, 1988; Washington State, 1992; and County of Fairfax, 
1987) 

I When and Where to Use It I 
This type of protection is appropriate for small drainage areas where storm drain inlets will be ready 
for use before final stabilization. Storm drain inlet protection is also used where a permanent storm 
drain structure is being constructed onsite. Straw bales are not recommended for this purpose. 
Filter fabric is used for inlet protection when storm wa~er flows are, relatively small wit,h low 
velocities. This practice cannot be used where inlets are paved because the filter fabric should be 
staked. Block and gravel filters can be used where velocities are higher. Gravel and mesh filters 
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can be used where flows are higher and subject to disturbance ~y site traffic. Sod inlet filters are 
generally used where sedjments in the storm water runoff are low. 

·1 What to Consider .1. 

Storm drain inlet protection is not meant for use in drainage areas exceeding 1 acre or for large 
concentrated storm water flows. Installation of this measure should take place before any soil 
disturbance in the drainage area. The type of material. used will depend on site conditions ,and the 
size of the drainage area. Inlet protection should be used in combination with other measures,· 
such as small impoundments or sediment traps, to provide more effec.tive sediment removal. Inlet 

. protection structures should be inspected regularly, especially after a rainstorm. Repairs and silt 
. removal should be performed as necessary. Storm drain inlet protection structures should be 
removed only after the disturbed areas are completely stabilized. 

Advantages of Storm Drain Inlet Prote~ion 

• Prevents clogging of existing storm drainage systems and the siltation of receiving waters 
-

• 'Reduces the amount of sediment leaving the site 

Disadvantages of Storm Drain Inlet Protection 

• May be difficult to remove coilected sediment 

• ,May cause erosion elsewhere if clogging occurs 

• Is practical only' for low sediment, low volume flows. 
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I What Is It 

A sediment trap is formed by excavating a pond or by placing an earthen. embankment across a low 
area or drainage swale. An outlet or spillway- is constructed using large stones or aggregate to 
slow the release of runoff. The trap retains the runoff long enough to allow most of the silt to 
settle out. 

FIGURE 4.25 TYPICAL SEDIMENT TRAP 
(Modified from Commonwealth of Virginia. 1980) 

I When and Where to Use It I 
A temporary sediment trap may be used in conjunction with other temporary measures, such as 
gravel construction entrances, vehicle wash areas, slope drains, diversion dikes and swales, or 
diversion channels. This device is appropriate for sites with short time schedules. 
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What to Consider 

. Sediment traps are suitable for small drainage areas, usually no more than 1 0 acres, that have no 
unusual drainage features. The trap should be large enough to allow the sediments to settle and 
should have a capacity to store the collected sediment until it is removed. The volume of storage 
required depends upon· the amount and intensity of expected rainfall and on estimated quantities of 
sediment in the storm water runoff. Check your Permit to see if it specifies a minimum storage 
volume for sediment traps; . - . 

A sediment trap is effective for approximately 18 months. During this period, the trap should be 
readily accessible for periodic maintenance and sediment removal. Traps should be inspected after 
each rainfall and cleaned when no more than half the design volume has been filled with collected 
sediment. The trap should remain in operation and be properly maintained until.the site area is 
permanently stabilized by vegetation and/or ,When permanent structures are in place. 

Advantages of a Sediment Trap 
-

• Protects downstream areas from clogging or damage due to sediment deposits 

• Is inexpensive and simple to install c 

-
• Can simplify the design process by trapping sediment at specific spots onsite 

Disadvantages of a Sediment Trap , .. 

• Is suitable only for a limited area 

• Is effective only if properly maintained 

• Will not remove very fine silts and clays 

• Has a short life span 
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I What Is It I 
'A temporary sediment basin is a settling pond with a controlled storm water release structure used 
to collect and store sediment produced by construction activities. A sediment basin can be 
constructed by excavation or by placing an earthen embankment across a low area or drainage . 
swale. Sediment basins can be designed to maintain a permanent pool or to drain completely dry. 
The basin detains sediment-laden runoff from larger drainage areas long enough to allow most of 
the sediment to settle out. 

The pond has a gravel outlet or spillway to slow the release of runoff and provide some sediment 
filtration. By removing sediment, the basin helps prevent clogging of offsite conveyance systems 
and sediment-loading of receiving waterways. In this way, the basin helps prevent destruction of 
waterway habitats. 

Elllergeney spillway 
should not be 
constructed 
over fill 

A .. terial 

Sediment 
Storage and 
Pennanent Poo 1 

Plan View 

Cross Section AA 1 

RGURE 4.26 TEMPORARY SEDIMENT BASIN 
(Modified from Commonwealth of Virginia, 1980) 
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'·1 When and Where to Use It I 

A temporary' sediment basin should be installed before clearing and .grading is undertaken. It should 
not be built on an embankment in an active stream. The creation of a dam in such a site may 
result in the destruction of aquatic habitats. Dam failure can also result in flooding. A temporary 
sediment basin should be located only where there is sufficient space and appropriate topography. 
The ,basin should be made large enough to handle the maximum expected amount of site drainage. 
Fencing around the 'basin may be necessary for s~fety or vandalism reasons. 

A temporary sediment basin used in combination with' other control measures, such as' seeding or 
mulching, is especially effective for removing sediments. ' 

I What to Consider 

Temporary sediment basins are usually designed for disturbed areas larger than 5 acres. The' pond 
should be large enough to hold runoff long enough for sediment to settle. Sufficient space should 
be allowed for .collected sediments. Check the requirements of your permit to see if there is a 
minimum storage requirement for sediment basins. The useful life of a temporary sediment basin is 
about 1 2 to 1 8 months. 

Sediment trapping efficiency is improved by providing the maximum surface area possible. 
Because finer silts may not settle out completely, additional erosion control measures should be 
used to minimize release of fine silt.. Runoff should enter the basin as far from the outlet as 
possible to provide maximum. retention time. 

Sediment basins should be readily accessible for maintenance and sediment removal. They should 
be inspected after each rainfall and be cleaned out when about half the volume has been filled with 
sedim~nt. The sediment ba,sin should remain in operation and be properly maintained until the site 
area is permanently stabilized by' vegetation andlor when permanent structures are in place. The 
embankment forming the sedimentation pool should be well compacted and stabilized with 

'vegetation. If the pond is located near a residential area, it is recommended for safety,reasons that 
a sign be posted and that the area be secured by a fence. A well built temporary sediment basin' 
that is large enough to handle the post construction runoff volume may'later be converted to Lise 
as a permanent storm water management structure~ 
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Advantages of a Temporary Sediment Basin 

• Protects downstream areas from clogging or damage due to sediment deposits generated 
during construction activities 

• Can trap smaller sediment particles than sediment traps can becaus~ of the longer 
detention time 

Disadvantages of a Temporary Sediment Basin 
. 

• Is generally suitable for small areas 

• Requires regular maintenance and cleaning 

• Will not remove very fine silts and clays unless used in conjunction with other measures 

• Is a more expensive way to remove sediment than several other methods 

• Requires careful adherence to safety practices since ponds are attractive to children 
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,I What Is It I. 
Outlet protection reduces the speed o,f concentrated storm water flows and therefore it reduces, 
erosion or scouring at storm water outlets and paved channel sections. In addition, outlet 
protection lowers the potential for downstream elrOsion~ This type of protection can be achieved 
through a variety of techniques, including stone or riprap, concrete aprons, paved sections and 
settling basins installed below the storm drain outlet. 

September. 1992 

Pipe Outlet to Flat Area-
No Well-defined Channel 

Pipe Outlet to Well-defined 
Channel 

Filter, 
blanket 

FIGURE 4.27 TYPICAL DETAILS FOR ROCK OUTLE:r 
PROTECTION 

(Modified from State of North Carolina, 1988) 
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I When and Where to Use It I 
Outlet protection should be installed at all pipe, interceptor dike, swale, or channel section outlets 
where the velocity of flow may cause erosion at the pipe outlet and in the receiving channel. 
Outlet protection should also be used at outlets where the velocity of flow at the design capacity 
may result in plunge pools (small permanent pools located at the inlet to or the outfall from BMPs). 
Outlet protection should be installed early during construction activities, but may be added at any 
time, as necessary. 

I What to Consider 

The exit velocity of the runoff as it leaves the outlet protection structure should be reduced to 
levels that minimize erosion. Outlet protection should be inspected on a regular schedule to look 
for erosion and scouring. Repairs should be made promptly. 

Advantages of Outlet Protection 

• Provides, with riprap-line apron (the most common outlet protection), a relatively low cost 
method that can be installed easily on most sites 

• Removes sediment in addition to reducing flow speed 

• Can be used at most outlets where the flow speed is high 

• Is an inexpensive but effective measure 

• Requires less maintenance than many other measures I 

Disadvantages of Outlet Protection 

• May be unsightly 

• May cause problems in removing sediment (without removing and replacing the outlet 
protection structure itself) 

. 
• May require frequent maintenance for rock outlets with high velocity flows 
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I What Are They I 
, 

A check dam is a small, temporary or permanent dam constructed across a drainage ditch, swale, , 
or channel to lower the speed of concentrated flows. Reduced runoff speed r~duces erosion and 
gullying in the channel and allows sediments and other pollutants to settle out. 

LOG CHEC~ DAM 

ROCK CHECK DAM 

'<dtS:th . , '. . 'tf It 'IMt 

~I 
f 

1 
FIGURE 4.28 TYPICAL CHECK DAMS 

(Modified from Commonwealth of Virginia, 1980) 

I When and Where to Use 'Them I. 
A check dam should be installed in steeply sloped swales, orin swales where adequate vegetation 
cannot be established. A check dam may be built from logs,' stone, or pea gravel-filled sandbags. 
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I What to Consider 

- . 
Check dams should be used only in small open channels that drain 10 acres or less. The dams 
should not be placed in streams (unless approved by appropriate State authorities). The center . 
section of the check dam should be lower than the edges. Dams should be spaced so that the toe 
of the upstream dam 'is at the same elevation as the top of the downstream dam. . 

I 

After each significant rainfall, check dams should be inspect~d for sediment and debris 
accumulation. Sediment should be removed when it reaches one half the original dam height. 
Check for erosion at edges and repair promptly as required. After construction is complete, all 
stone and riprap should be removed if vegetative erosion controls will be used as a permanent 
erosion control measure. It will be important to know the expec:ted erosion rates and runoff flo~ 
rate for the swale in which this measure is to be installed. Contact the State/local storm water 
program agency or a licensed engineer for assistance in designing this measure . 

. Advantages of Check Dams 

• Are inexpensive and easy to install 

• May be used permanently if designed properly 

• Allow a high proportion of sediment in the runoff to settle out 

• Reduce velocity and provide aeration of the water .. 

• May be used where it is not possible to divert the flow or otherwise· stabilize the channel 

Disadvantages of Check Dams 

• May kill grass linings in channels if the water level remains high after it rains or if there is 
significant sedimentation 

• Are useful only for drainage areas of 1 0 acres or less 
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" What Is It I 
Surface roughening' is a temporary erosion control practice. The soil surface is roughened by the 
creation of' horizontal grooves, depressions, or steps that run parallel to the contour of the land. 
Slopes that are not fine-graded and that are left in a roughened condition can also control erosion: 
Surface roughening reduces the speed of runoff, increases infiltration, and traps l?ediment. Surface 
roughening also helps establish vegetative cover by reducing runoff verocity and giving seed an ' 
opportunity to take hold and grow. 

Heavy Equipment can be used to 
mechanically scarify slopes 

Dozer treads create 
grooves perpendicular 
. to'slope direction 

-=-
~'~~~ej~;:~~:~~ 

- -. :-- Tread grooves of 

Diversion 

track perpendicular 
to slope direction 

Unvegetated slopes should be temporarily 
scarified to minimize runoff verocities 
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FIGURE 4.29 SURFACE ROUGHENING, 
(Modified from Washington State, 1992) 
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I When and Where to Use It I 
Surfa·ce roughening is appropriate for all slopes. To slow erosion, roughening should be done as 
soon as possible after the vegetation has been removed from the slope. Roughening can be used 
with both seeding and planting and temporary mulching to stabilize an area. For steeper slopes and 
slopes that will be left roughened for longer periods of time, a combination of surface roughening· 
and vegetation is appropriate. 

I What to Consider 

Different methods can be used to roughen the soil surface on slopes. They include stair-step 
grading, grooving (using disks, spring harrows, ,or teeth on a front-end loader), and tracking (driving 
a crawler tractor up and down a slope, leaving the cleat imprints,parallel to the slope contour). The 
selection of an appropriate method depends on the grade of the slope, mowing requirements after 
vegetative cover is established, whether the slope was formed by cutting or filling, and type of 
equipment available. 

Cut slopes with a gradient steeper than 3: 1 but less than 2: 1 should be stair-step graded or groove 
cut. Stair-step grading works well with soils containing large amounts of small rock. Each step 
catches material discarded from above and provides a level site where vegetation can grow. Stairs 
should be wide enough to work with standard earth moving equipment. Grooving can be done by 
any implement that can be safely operated on the slope, including those described above. Grooves 
should not be less than 3 inches deep nor more than 1 5 inches· apart. Fill slopes with a gradient 
steeper than 3:1 but less than 2:1 should be compacted every 9 inches of depth. The face of the 
slope should consist of loose, uncompacted fill 4 to 6 inches deep that can be left rough or ·can be 
grooved as described above, if necessary. 

Any cut or filled slope that will be mowed should have a gradient less than 3:1. ,Such a slope can 
be roughened with shallow grooves parallel to the slope contour by using normal tilling. Grooves 
should be close together (less than 10 inches) and not less than 1 inch deep. Any gradient with a 
slope greater than 2:1 should be stair-stepped. ' 

It is important to avoid excessive ~ompacting of the soil surface, especially when tracking, because 
soil compaction inhibits vegetation growth and causes higher runoff speed. Therefore, it is best to 
limit roughening with tracked machinery to sandy soils ,that do not compact easily and to avoid 
tracking on clay soils. Surface roughened areas should be seeded as quickly as possible. Also, 
regular inspections should be made of all surface roughened areas, especially after storms. If rills 
(small watercourses that have steep sides and are usually only a few inches deep) appear, they 
should be filled, graded again, and reseeded immediately. Proper dust control procedures should be 
followed when surface roughening. 
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Advantages of Surface Roughening 

.' Provides a degree of instant erosion protection for bare soil while vegetative cover is being 
established 

• Is inexpensive. and simple for short~term erosion control 

Disadvantages of Surface 'Roughening 

• Is of limited effectiveness in anything more than a gentle rain 

• Is only temporary; if rough~ning or vegetative cover is washed away in a heavy storm or 
the vegetation does not take hold, the surface will have to be re-roughened and new seed 
laid 

'\ 
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,I What Are They 

Gradient terraces are earth embankments or ridge-and-channels constructed with suitable spacing 
and with an appropriate grade. They reduce erosion damage by capturing surface runoff and 
directing it to a stable outlet at a speed· that minimizes erosion. 

SLOP£ TO 
AO£(JUATC OUTL£T 

'1~~~~jl~- - - -- --- ___ , ___ .:-.J 

FIGURE 4.30 GRADIENT TERRACE 
(Washington State, 1992) 

I When and Where to Use Them 

Gradient terraces are usually limited to use on land that has no vegetation and that has a water 
erosion problem, or where it is anticipated that water erosion will be a problem. Gradient terraces 
should not be constructed on slopes with sandy or rocky soils. They will be effective only where 
suitable runoff outlets are or will be made available. 

I What 10 Consider 

Gradient terraces should be designed and installed according to a plan determined by an 
engineering survey and layout. It is important that gradient terraces are designed with adequate 
outlets, such as a grassed waterway, vegetated area, or tile outlet. In all cases, the outlet should 
direct the runoff from the terrace system to a point where the outflow will not cause erosion or 
other damage. Vegetative cover should be used in the outlet where possible. The design elevation 
of the water surface of the terrace should not be lower than th~ design elevation of the water 
surface in the outlet at their junction, when both are operating at design. flow. Terraces should be 
inspected regularly at least once a year and after major storms. Proper dust control procedures 
should be followed while constructing these features. 
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, Advantages of Gradient Terraces 

• Reduce runoff speed and increase the distance of overland runoff ~Iow 
, 

• Hold moisture better than do smooth slopes and minimize sediment loading of surface 
runoff 

Disadvantages of Gradient Terra.ces 

• May significantly increase cut and fill costs and cause slo'ughing if excessive water 
infiltrates the soil 

, 

• Are not practical for sandy, steep, or shallow soils 
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4.6 INFILTRATION PRACTICES 

Infiltration practices -are sUrfac'e or subsurface measures that allow for quick infiltration of storm 
water runoff. Rapid infiltration is possible because the, structures or soils used in these practices 
are very porous. Infiltration practices offer an advantage over other practices in that they provide 
some treatment of runoff, preserve the natural flow in streams, and recharge ground water. Many 
of the infiltration practices also can reduce the velocity of the runoff so that it will not cause 
damaging erosion. Another benefit of infiltration practices is that they reduce the need for 
expensive storm water conveyance systems., Construction and maintenance of these practices 
may, however, require some level of expertise to prevent clogging and to retain high effectiveness. 
The infiltration practices in this s'ection have been divided into two categories: vegetative 
infiltration pra~tices and infiltration structures. 

Infiltration BMPs are not practical in all cases. These practices should not be used in areas where 
runoff is contaminated with pollutants other than sediment or oil and greas~. Excessively drained 
(i.e., very sandy) soils may provide inadequate treatment of runoff, which could resu,lt in ground 
water contamination. Other site-specific conditions, such as depth to bedrock or depth to the 
water table, 'could ,limit their use or make it impossible to use infiltration BMPs. Also, infiltration 
practices should not be installed near wells, foundations, septic' tank drainfields, or on unstable 
slopes. 

Vegetative infiltration practices rely on vegetated soils that are well drained to provide storage for 
the infiltration of storm water. Soils used for this practice generally have not previously been 
disturbed or compacted so that they more easily allow infiltration. Once vegetation has been 
planted, use of the area must be limited or the practice may not operate efficiently. The practices 
that are discussed include vegetated filter strips, grassed swales, and level spreaders. 

Infiltrati·on structures are built over soils to aid in collection of storm water runoff and are designed 
to allow storm water to infiltratt! into the ground. These structures generally require a level of 
expertise for both their design and construction so that they function properly. Maintenance 
activities are very important because infiltration structures are easily damaged by high sediment 
loads. Often, infiltration structures are used with other structures that pretreat the storm water 
runoff for sediments, oil, and grease. These pretreatment structures may be as simple as a buffer 
zone (see Buffer Zones) or may be something more complex, such as an oil and grease separator. 
The types of infiltration structures discussed include infiltration trenches, porous pavements, 
concrete grids, and modular pavements. 
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I Wh~t Are They I 
Vegetated filter strips are gently sloping areas of natural vegetation or are graded and artificially 
planted areas used to provide' infiltration, remove sediments and other pollutants, and reduce the 
flow and velocity of the storm water moving across the terrain. Vegetated filter strips function 

. similarly to vegetated or grassed swales. The filter strips, however, are fairly level and treat 
sheetflow, whereas grassed swales are indentations (see section on Grassed Swales) and treat 
concentrated flows. Vegetated filter strips provide permanent storm water. control measures .on a 
site. 

Top Elevation of Strips 
On Same CO!ltour. and 
Directly Abuts Trench 

5% Strip Slope or Less 

FIGURE 4.31· USE OF FILTER STRIPS 
. (Modified from MWCOG, 1987) 

I When and Where to Use Them 

Berms Placed Perpendicular 
10 Top 0' Strip Prevent 
Concentrated Flows 

Vegetated filter strips are suited for areas .where the soils are well drained or moderately well 
drained and where the bedrock and the water table are well below the,surface: Vegetated filter 
strips will not function well on steep slopes, in hilly areas; or in highly paved areas because of the 

. ,high velocity of runoff. Sites with slopes of 15 percent or more may not be suitable for filtering 
Pstorm water flows. However, they should stiil be vegetated (MWCOG, 1987). This practice .can 
be put into place at any time, provided that climatic conditions allow for planting. . 
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I What to Consider 

-
At a minimum, a filter strip must be approximately 20 feet wige to function well. The length of the 
strip should be approximately 50 to 75 feet. Where slopes become steeper, the length of the strip 
must be increased. Forested strips are always preferred 'to vegetated strips, and existing 
vegetation is preferred to planted vegetation. In planning for vegetated strips, consider climatic 
conditions, since vegetation may not take hold ,in especially dry and/or cold regions. 

Regular inspections are necessary to ensure the proper functioning of the filter strips. Removing 
sediments and replanting may be necessary on a regular basis. The entire area should be examined 
for damage due to equipment and vehicles. Vegetation should be dense. Also, the portions of the 
strip where erosion may have created ponding of runoff should be inspected. This situation can be 
eliminated by grading. ' 

-

Advantages of Vegetated Filter Strips 

• Provide low to moderate treatment of pollutants in storm water while providing a natural 
look to a site 

• Can provide habitat for wildlife 

• Can screen noise and views if trees or high shrubs are planted on the filter strips 

• Are easily constructed and implemented 

• Are inexpensive 

Disadvantages of Vegetated Filter Strips 

• Are not effective for high velocity flows (large 'paved areas or steep slopes) 

• Require significant land space 

• May have a short useful life due to clogging by sediments and oil and grease 
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I What Are They I 
Grassed swales are vegetated depressions used to transport, filter, and remove sediments • 

. Grassed swales control high runoff rates by reducing the speed of the runoff and by reducing the 
volume of the runoff through infiltration of the storm water. Pollutants are removed because runoff 
travels slowly and infiltrates into the soil and because the vegetation in the grassed swale works as 
a ·filter or strainer. 

, Slone Prevencs 
Downstream Scour' 

FIGURE 4.32 GRASSED SWALE WITH RAILROAD TIE CHECK DAM 
$Modified from MWCOG. 1987) 

I When and Where to Use Them 

Grassed swales are suitable tor most areas where storm water runoff is low. Certain factors will 
affect the operation of grassed swales, including soil type, land features, and the depth of the soil 
from the surface to the water table (i.e., the top of the drenched portion of the soil or bedrock 
layer). The soil must be permeable for rU!1off to~ be able to infiltrate well. Sandy soils will not hold 
vegetation well nor form a stable channel structure. Steep slopes will increase runoff rates and 
create greater potential for erosion. Storm water flows will not be easily absorbed where the water 
table is near the surface. Swales are most useful for sites smaller than 10 acres (MWCOG, 1987). 
Even without highly permeable soils, swales reduce velocity a"nd thus are useful. 

Grassed swales usually do not work well f.or construction runoff because the runoff has high 
sediment loads. 

I What to Consider 

Th!3 channe.! of the swale should be as level as possible to maximize infiltration. Side slopes in the 
swale should be designed to no steeper than 3:1 to minimize channel erosion (MWCOG, 1987). 
Plans should consider (1) the use of existing topography and existing drainage patterns and (2) the 

... 
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highest flow rate that is expected from a typical storm to determine the most practical size for the 
swale (in keeping with State or local requirements). 

The swale should be tilled before grass is planted, and a dense cover of grasses should be planted 
in the swale. The location of the swale will determine the best type of vegetation (e.g., if the' 
swale runs next to a road, then the grass chosen should be resistant to the use of de-icing salts in 
northern states). 

Check dams (i.e., earthen or log structures) may be installed in the swales to reduce runoff speed 
and increase infiltration. Planners should also consider the design of the outlet at the end of the 
swale so that the runoff is released from the swale at a low rate (see section on Outlet Protection). 

Maintenance activities for the swales include those practices needed to maintain healthy, dense 
vegetation and to retain efficient infiltration and movement of the storm water into and through the 
swale. Periodic mowing, reseeding, and weed control are required to maintain pollutant removal 
efficiency. The swale and channel outlet should be kept· free from sediment-buildup, litter, brush, 
or fallen tree limbs. 

Periodic inspections will identify erosion problems or damaged areas. Damaged or eroded areas of 
the channel should be repaired. Areas with damaged vegetation should be reseeded immediately. 

Advantages of Grassed Swales 

• Are easily designed and constructed 

• Provide moderate removal of sediments if properly constructed and maintained 

• May provide a wildlife habitat 

• Are inexpensive 

• Can replace curb and gutter. systems 

• Can last for long periods of time if well maintained 

Disadvantages of Grassed Swales 

• Cannot control runoff from very large storms 

• If they do not drain properly between storms, can encourage nUisance problems such as 
mosquitos, ragweed, dumping, and erosion 

• Are not capable of removing significant amounts of soluble nutrients 

• Cannot treat runoff with high sediment loadings 

/ 
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I What Are Th~y I 
Level spreaders are devices used at storm water outlets to spread out collected storm water flows 
into sheetflow (runoff that flows over. ground surface in a thin, even layer). Typically, a level 
spreader consists of a depression in the soil surface that spreads the flow onto a flat area across a 
gentle slope. Level spreaders then release the storm water flow onto level areas stabilized by 
vegetation to reduce· speed and increase infiltration. 

FIGURE 4.33 LEVEL SPREADERS 
(Modified from Commonwealth of Virginia, 1990) 

., When and Where to Use Them 

Level spreaders are most often used as an outlet for temporary or permanent storm water 
conveyances or dikes. Runoff that contains high sediment loads should be treated in a sediment 
trapping device prior to release into a level spreader. 
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I What to Consider 

-' , -
The length of the spreader depends upon the amount of water that flows through the conveyance. 
Larger volumes of water need more space to even out. Level spreaders are generally used with 
filter strips (see Vegetated Filter Strips). The "depressions are seeded with vegetation (see 
Permanent Seef;ling). 

Level spreaders should not be used on soil that might erode easily. They should be constructed on 
natural soils and not on fill material. The entrance to the spreader should be level so that the flow 
can spread out evenly. 

The spreader should be inspected after every large storm event to check for damage. Heavy 
equipment and other traffic should be kept off the level spreader because these vehicles may 
compact the soil or disturb the grade of the slope. If ponding or erosion channels develop, the 
spreader should be regraded. Dense vegetation should be maintained and d~maged areas reseeded 
as needed. 

Advantages of Level Spreaders 

• Reduce storm water flow velocity, encourage sedimentation and infiltration 

• Are relatively inexpensive to install 

Disadvantages of Level Spreaders 

• Can easily develop "short circuiting" (concentration of flows into small streams instead of 
sheetflow over the spre.ader) because of erosion or other disturbance 

• Cannot handle large quantities of sediment-laden storm' water 
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I What Are They I 
An infiltration trench usually consists of a long, narrow excavation r.angingfrom 3 to 12 f.eet deep. 
The ,trench is filled with stone, which allows for temporary storage of storm water runoff in the 
open spaces between the stones. The stc;>red storm water infiltrates into th~ surrounding soil or 
drains into underground pipes through holes and is then routed to an outflow point. Infiltration 
trenches are designed to remove both fine sediments and soluble pollutants rather than larger, 
coarse pollutants. 

FIGURE 4.34' TYPICAL INFILTRATION TRENCH 
(Modified from MWCOG, 1987) 

When and Where to Use Them 

Infiltration trenches 'should be restricted to areas with certain soil, ground water, slope; area, and 
pollutant conditions. For example, infiltration trenches will not operate well in soils that have high 
clay contents, silt/clay soils, sandy/clay loams, or soils that have been compacted. Trenches 
should not be sited over fiJI soils because such soils are unstable. Hardened soils are often not 
suitable for infiltration trenches because these types of soils do not easily absorb.water. Infiltration 
practices in general should not be used to manage contaminated storm water. 

The drainage area contributing runoff to a single trench should not exceed 5 acres (State of 
Maryland, 1983). Construction of trenches ,should not start until after all land-disturbing activities 
have ceased so that runoff with high levels of sediment does not fill in the structure. 

If slopes' draining into the trench are steeper than 5 percent, the runoff will enter the trench too 
fast and will overwhelm the infiltration capacity of the soil, causing overflow. The depth from the 
bottom of the trench to the bedrock layer and the seasonal, high water table must be at least three 
feet. Infiltration trenches may not be suitable in areas where there are cold winters and deep frost 
levels. ' 
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I What to Consider 

Pretreatment of runoff before it is channeled to the trench is important to efficient operation 
because pretreatment removes sediment, grit, and oil. Reducing the pollutant load in the runoff 
entering the trench lengthens trench life. One method of pretreatment is to install a buffer zone 
just above the trench to act as a filter (see Buffer Zones). In addition, a layer of filter fabric 1 foot 

. below the bottom of the trench can be used to trap the sediments that get through the buffer strip. 
If excavation around the trenches is nec~ssary, the use of lig"t duty equipment will avoid 
compacting, which coulq cause a loss of infiltration capability. . . 

Infiltration trenches should be inspected at least once per year and after major rainfall events. 
Debris should be removed from all areas of the trench, especially the inlets and overflow channels. 
Dense vegetative growth should be maintained in buffer areas surrounding the trench. 

Test wells can be installed in every trench to monitor draining times and pro.vide information on 
how well the system is operating. Daily test well monitoring is necessary, especially after large 
storm events. If the trench does not drain after 3 days, it usually means that the trench is clogged. 

Advantages of Infiltration Trenches 

• Preserve the natural water balance of the site 

• Are effective for small sites 

• Remove pollutants effectively 

Disadvantages of Infiltration Trenches 

• Require high maintenance when sediment loads are heavy 

• Have short life span, especially if not maintained properly 

• May be' expensive (cost of excavation and fill material) . 
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~ What Are They 

Porous pavement, concrete grids, and modular pavements allow storm water to infiltrate so that 
the speed and amount of runoff from a site can be reduced. 

Porous Pavement-Can be either asphalt or concrete. With porous asphalt pavement, runoff 
infiltrates through a porous asphalt layer into a stone .. reservoir" layer. StOrm water runoff filters 
through the stone reservoir into the underlying subsoil or drains into underground pipes through 
holes and is routed 'away. The bottom and sides of the stone, reservoir are lined with filter fabric to 
prevent the ,movement of soils into the reservoir area; , 

Porous Concrete Pavement-Is made out of a special concrete mix that has a_high number of open 
spaces between the particles ,and a coarse surface texture. These open spaces allow runoff to 
pass through the surface to lower levels. This type of pavement can be pi aced directly on graded 
soils. When a $ubbase is used for'stability, 6 inches of sand is placed under the concrete mixture. 
Up to 6' inches of storm water can be held on the surface of the pavement and within the concrete. 

Concrete Grids and Modular Pavement-Ar~ made out of precast concrete, poured-in-place 
concrete, brick, or granite. These types of pavements can also reduce the loading and 
concentration of pollutants In the runoff. Concrete grids and modular pavements are designed andl 
or constructed so that they have open spaces within the pavement through which storm water can 
infiltrate into the ground. lhese open s'paces can be filled with gravel or sand or have vegetation 
growing out of them. ' 

I When and Where to Use Them 

These structures are usually only suitalble for low-volume parking areas (1/4 acre to 1 0 acres) 
(State of Maryland, 1983) and lightly used access roads. However, areas that are expected to get 
moderate or high volumes of traffic or heavy equipment can use conventional pavements (for the 

, heavy traffic areas) that are sloped, to drain to areas with the porous pavements.' These pavements 
are not effective in draina"ge areas that receive runoff containing high levels of sediment. 

The soil types over which concrete grids and modular pavement are to be placed should allow for' 
rapid drainage through the pores in the pavemen~. These pavements are not recommended for 
sites with slopes steeper than 5 percent (MWCOG, 1987) or sites with high water tables, shallow 
bedrock,' fill soils, or localized clay lenses, which are conditions that would'limit the ability of the, 
runoff to infiltrate into surface soils. For example, the water table and bedrock should be at least 3 
feet below the bottom of the stone reservoir. Porous pavement will not operate well in windy 
areas where sediment will be deposited on the porous pavement. 

Construc~ion of these pavements should be timed ,so that installation occurs on the site after other 
construction activities are finished and the site has been stabilized. Therefore, sediments are less 
likely to be tracked or carried on to the surface. 
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,s08GRAOE. 

Detail of Pervious Concrete Pavement 

Types of -Grid and Modular Pavements 

Cross Section of Porous Asphalt Pavement 

FIGURE 4.35 POROUS PAVEMENTS. CONCRETE GRIDS. AND MODULAR PAVEMENTS 
(Modified from Commonwealth of Virginia. 1980; MWCO~. 1987; and Washington State. 1992) 
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I What to Consider 

Proper installation of these pavements requires a high level of construction expertise and 
workmanship. Only contractors who are familiar with the installation of these pavements sho~.dd be 
used. 

Designers of porous pavement areas should. consider sediment and erosion control. Sediments 
must kept away from the pavement area because they can clog the pores. Controls to consider for 
sediments include a diversion berm (i.~., earthen mound) around the edge of the pavement area to 
block the flow of runoff from certain drainages onto the pavement, or other filtering controls such 
as silt fences. De-icing salt'mixtures, sands, or ash also may clog pores and should not be used for 
snow removell. Signs should be posted to prohibit these activities. 

Since the infiltration of storm water runoff may contaminate ground water sources, these 
pavements are not suitable 'for areas close to drinking water wells (at least 100 feet away is 
recommended) (State of Maryland, 1983). . . 

Maintenance of the· surface is very important. For porous pavements, this includes vacuum 
sweeping at least four times per year followed by high-pressure hosing to reduce the chance of 
sediments clogging the pores of the top layer. Potholes and cracks· can be filled with typical 
patching mixes unless more than 10 percent of the surface area needs repair. Spot c.logging may 
be fixed by drilling half-inch holes through the porous pavement layer every few feet. . 

The pavement should be inspected several times the first few months after installation and then 
annually. Inspections after large storms are necessary to check for pools of water. These pools 
may indicate clogging. The condition of adjacent vegetated filter strips, silt fences,' or diversion 
dikes should also be inspected. 

Concrete grids and modular pavements should be designed in accordance with manufacturers' 
recommendations. Designers also need information on soils, depth to the ,water table, and storm 
water .run.9ff quantity and quality. 

Maintenance of concrete grids and modular pavements is similar to that of the porous pavements; 
however,. turf maintenance such as mowing, fertilizing, and irrigation may be needed where 
vegetation is planted in the open spaces. 
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. 
Advantages of Porous Pavements/Concrete Grids and Modular Pavements 

• Provide erosion control' by reducing the speed and quantity of the storm water runoff from 
the site 

• Provide some ,treatment to the water by removing pollutants 

• Reduce the need for curbing and storm sewer installation and expansion 

• Improve road safety by providing a rougher surface 

• Provide some recharge to local aquifers 

• Are cost effective because they take the place of more expensive and complex treatment 
systems 

Disadvantages of Porous Pavements/Concrete Grids and Modular Pavements 

• Can be more expensive than typical pavements -

• Are easily clogged with sediment andlor oil; however, pretreatment and proper 
maintenance will prevent this problem 

• May cause ground water contamination 

• Are not structurally suited for high-density tr~ffic or heavy equipment 

• Asphalt pavements may break down if gasoline is spilled on the surface 

• Are less effective when the 'subsurface is frozen 
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Aeration: A process which promotes biological degradation of organic matter. 'The process may be 
passive (as when waste is exposed to air) or active (as when a mixing or bubbling device 
introduces the air). 

" 

Backfill: Earth used to fill a trench or an excavation. 

Baffles: Fin-like devices i,nstalled vertically on the inside walls of liquid waste transport vehicles 
that are us'ed to reduce the movement of the waste inside the tank. 

" Berm: An earthen mound used tQ direct the flow of runoff around or through a structure. 

Best Management Practice (BMP): Schedules of activities, prohibitions of practices, maintenance 
procedures, and other management practices to prevent or reduce the pollution of waters of 
the United States. BMPs also include treatmen.t requirements, 'operating procedures, and 
practices to control facility site runoff, spillage or leaks, sludge or waste disposal, or drainage 
from raw material storage. 

Biodegradable: The ability to break down or decompose under natural conditions and processes. 

Boom: 1. A floating device used to contain oil on a body of water. 2. A piece of equipment used 
to apply pesticides from ground equipmen~ such as a tractor or truck. ' , 

Buffer Strip or Zone: Strips of grass or other erosion-resistant yegetation between a waterway and 
an area of more intensive land,use. ' 

By-product: Material, other than the principal product, that is generated as a consequence of an 
industrial process. ' 

Calibration: A check of the precision and accuracy of measuril"!g equipment. 

CERCLA: Comprehensive Environmental Response, Compensation, and Liability Act. 

Chock: A block or wedge used to keep rolling vehicles in place. 

, Clay Lens: A naturally occurring, localized area of clay that acts as an impermeable layer to runoff 
infiltra~ion . 

Concrete aprons: A pad of nonerosive material designed to prevent scour holes developing at the 
outlet ends' of culverts, outlet pipes, grade stabilization structures, and other water control 

. devices., 

Conduit: Any channel or pipe for transporting the flow of water. 
, 

Conveyance: Any natural or manmade channel or pipe in which concentrated water flows. 

Corrosion: The dissolving and wearing away of metal caused by a chemical reaction such as 
between water and the pipes that the water contacts, chemicals touching a metal surface, or 
'contact between two, metals. . 

Culvert: A covered channel or a large-diameter pipe that directs water flow below the ground .level. 
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CWA: Clean Water Act (formerly referred to as the Federal Water Pollution Control Act or Federal 
Water Pollution Control Act Amendments of 1972). 

Denuded: Land stripped of vegetation such as grass, or land that has had vegetation worn down 
due to impacts from the elements or humans. 

Dike: An embankment to confine or control water, often built along the banks of a river to prevent 
overflow of lowlands; a levee. 

Director: The Regional Administrator or an authorized representative. 

Discharge: A release or flow of storm water or other substance from a conveyance or storage ' 
container. 

Drip Guard: A device used to prevent drips of fuel or corrosive or reactive chemicals from 
contacting other materials or areas. . 

Emission: Pollution discharged into the atmosphere from smokestacks, other vents, and surface 
areas of commercial or industrial facilities and from motor vehicle, locomotive, or aircraft 
exhausts. 

Erosion: The wearing away of land surface by wind or water. Erosion occurs naturally from 
weather or runoff but can be intensified by land-clearing practices related to farming, 
residential or industrial development, road building, or timber-cutting. 

Excavation: The process of removing earth, stone, or other materials. 

Fertilizer: Materials such as nitrogen and phosphorus that provide nutrients for plants. 
Commercially sold fertilizers may contain other chemicals or may be in the form of processed 
sewage sludge. 

Fiaer Fabric: Textile of relatively small mesh or pore size that is used to (a) allow water to pass 
through while keeping sediment out (permeable), or (bl preverit both runoff and sediment from 
passing through (impermeable). 

Filter Strip: Usually long, relatively narrow area of undisturbed or planted vegetation used to retard 
or collect sediment for the protection of watercourses, reservoirs, or adjacent properties. 

Flange: A rim extending from the end of a pipe; can be used as a connection to another pipe. 

Flow Channel Liner: 'A covering or coating used on the inside surface of a flow channel to prevent 
the infiltration of water to the ,ground. 

Flowmeter: A gauge that shows the speed of water moving through a conveyance. 

General Permit: A permit issued under the NPDES program to cover a certain class or category of 
storm water discharges. These' permits allow for a reduction in the administrative burden 
associated with permitting storm water discharges associated with industrial activities. For 
example, EPA is planning to issue two general permits: NPDES General Permits for Storm 
Water Discharges From Construction Activities that are classified as .. Associated with 
Industrial Activity" and NPDES General Permits for Storm Water Discharges from Industrial 
Activities that are classified as "Associated with Industrial Activities." EPA is also encouraging 
delegated States which have an approved general permits progra~ to issue general permits. 
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Grading: The cutting and/or filling of the land surface to a desired slope or elevation . 

.Hazardous Substance: 1. Any material that poses a, threat to human health and/or the 
environment. Hazardous substances can be toxic, corrosive, ignitable, explosive, or chemically 
reactive. 2. Any substance named required by EPA to be reported if a designated quantity of 
the substance is spilled in the waters of the United States or if otherwise emitted into the 
. environment. 

Hazardous, Waste: By~products of human activities that can pose a substantial or pot4:!ntial hazard 
to human health or the environment when improperly managed. Possesses at least one of four 
characteristics (ignitability, corrosivity, reactivity, or toxicity), or appears on special EPA lists. 

, ' 

Holding Pond: A pond or reservoir, usually made of earth, built to store polluted runoff for a limited 
. time. 

Illicit Connection: Any discharge to a municipal separate storm sewer that is not composed entirely 
of storm water except discharges authorized by an NPDES permit (other than the NPDES 

, permit for discharges from the municipal 'separate storm sewer) and discharges resulting from 
fire fighting activities. 

Infiltration: 1. The penetratio'n of water throlJgh the ground surface into sub-surface soil or the 
penetration of water from the soil into sewer or other pipes through defective joints, 
connections, or manhole walls. 2. A land application technique where large volumes of . 
wastewater are applied to land, allowed to penetrate the surface and percolate through the 
underlying soil. . 

Inlet: An entrance into a ditch, storm sewer, or other waterway. 

'Intermediates: . A chemical compound formed during the making of a product. 

Irrigation: Human application of water to agricultural or recreational land for watering purposes. 

Jute: A plant fiber used to make rope,.mulch,nett;ing, or matting. 

Lagoon: A shallow pond where sunlight, bacterial action, and oXygen work to purify wastewater. 

Land Application Units: An area where wastes are applied onto or incorporated into the soil 
, surface (excluding manure spreading operations) for treatment or disposal. . 

Land Treatment Units: An area of land ~here materials are temporarily located to receive 
treatment. Examples include: ,sludge lagoons, stabilization pond. 

Landfills: An area of land or an excavation in which wastes are placed for permanent disposal, and 
which is not a land application unit, surface impoundment, injection well, or waste pile. 

Large and Medium Municipal Separate Storm Sewer System: All mUnicipal separate storm sewers 
that are either: (i) located in an incorporated place (city) with a population of 100,000 or more 
as determined by the latest Decennial Census by the Bureau of Census (these cities are listed 

-, in Appendices F and G of 40 CFR Part 1 22); or (ii) loc~ted in the counties with unincorporated 
urbanized populations of 100,000 or more, except municipal separate storm sewers that are 
located in the inco~porated places, townships, or towns within such counties (these counties 
are listed in Appendices H and I of 40 CFR Part 122); or (iii) owned or operated by a 
municipality other than those described in paragraph (i) or (ii) and that are designated by the 
Director as part of the large or medium municipal separate storm sewer system. 
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Leaching: The process by which soluble constituents are dissolved in a solvent such as water and 
carried down through the soil. 

Level Spreader: A device used to spread out storm water runoff uniformly over the ground surface 
as sheetflow (i.e., not through channels). The purpose of level spreaders are to prevent 
concentrated, erosive flows from occurring. and to enhance infiltration. 

Liming: Treating soil with lime to neutralize acidity levels. 

Liner: 1. A relatively impermeable barrier designed to prevent leachate from leaking from a landfill. 
Uner materials include plastic and dense clay. 2. An insert or sleeve for sewer pipes to 
prevent leakage or infiltration; 

Liquid Level Detector: A device that provides continuous measures of liquid levels in liquid storage 
areas or containers to prevent overflows. 

Material Storage Areas: Onsite locations where raw materials, products, final products, by
products, or waste materials are stored. 

Mulch: A natural or artificial layer of plant residue or other materials covering the land surface 
which conserves moisture, holds soil in place, aids in establishing plant cover, and minimizes 
temperature fluctuations. 

Noncontact Cooling Water: Water used to cool machinery or other materials without directly 
contacting process chemicals or materials. 

Notice of Intent (NOI): An application to notify the permitting authority of a facility's intention to 
be covered by a general permit; exempts a facility from having to submit an individual or group 
application. 

NPDES: EPA's program to control the discharge of pollutants to .waters of the United States. See 
the definition of "National Pollutant Discharge Elimination System" in 40 CFR 122.2 for further 
guidance. 

NPDES Permit: An authorization, license, or equivalent control document issued by EPA or an 
approved State agency to implement the requirements of the NPDES .program. 

Oil and Grease Traps: Devices which collect oil and grease, removing them from water flows. 

Oil Sheen: A thin, glistening layer of oil on water. 

Oif/Water Separator: A device installed, usually at the entrance to a drain, which· removes oil and 
grease from water flows entering the drain. 

Organic Pollutants: Substances containing carbon which may cause pollution problems in receiving 
streams. 

Organic Solvents: Uquid organic compounds capable of dissolving solids, gases, or liquids. 

OutfaU: The point, location, or structure where wastewater or drainage discharges from a sewer 
pipe, ditch, or other conveyance to a receiving body of water. 

Permeability: The quality of a soil that enables water or air to move through it. Usually expressed 
in inches/hour or inches/day. 
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Permit: An authorization, license, or equivalent control document issued by EPA or an approved 
State agency to implement the requirements of an environmental regulation; e.g., a permit to 
operate a wastewater treatment plant or to operate a facility that may generate harmful 
emissions. 

Permit Issuing Authority (or Permitting Authority): The State agency or EPA Regional office which 
issues environmental permits to regulated facilities. ' 

Plunge pool: A basin used to slow flowing water, usually cons,tructed toa design depth and shape. 
The pool may be protected from erosion by various lining materials. ' 

Pneumatic Transfer: A system of hoses which uses the force of air or other gas to push material 
through; used to transfer solid or liquid materials from tank to tank. 

Point Source: Any discernible, confined, and discrete conveyance, including but not limited to any 
pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, 
concentrated animal feeding operation, or yessel or other floating craft, from which pollutants 

, are or may be discharged. This term does not include return flows from irrigated agriculture or 
agricultural storm water runoff. 

Pollutant: Any dredged spqil, solid waste, incinerator residue, filter backwash, sewage, garbage, 
sewage sludge, munitions, chemical wastes, biological materials, radioactive materials (except 
those regulated under the Atomic Energy Act of 1954, as amended '(42 (U.S.C. 2011 et seg.II, 
heat, wrecked or discharged equipment, rock, sand, cellar dirt,' and industrial, municipal, and 

. agricultural waste discharged into water; It does not mean: . 
(i) Sewage from vessels; or 
(ii) Water, gas, or other material which is injected into a well to facilitate production of oil or 
gas, or water derived in association with oil and gas production and disposed of in a well, if 
the well used either to facilitate production or for disposal purposes is approved by the 
'authority of the State in which the well is located, and if the S~ate determines that the 
injection or disposal will not result in the degradation of ground or surface water resources 
[Section 502(6) of the CWA]. 

,Radioactive materials covered by the Atomic Energy Act are those encompassed in its 
definition of source, byproduct, or special nuclear materials. Examples of materials not 
covered include radium and accelerator-produced isotopes. See Train v. Colorado Public 
Interest Research Group. Inc., 426 U.S. 1 (1976). 

Porous Pavement: A human-made surface that will allow water to penetrate through and percolate 
into soil '(as in porous asphalt pavement or concrete): Porous asphalt pavement is comprised, 
of irregular shaped crush rock precoated with asphalt binder. Water seeps through into lower 
layers of gravel for temporary storage, then filters naturally into the soil. ' . , 

Precipitation: Any form of rain or snow. 

Preventative Maintenance Program: A schedule of inspections and testing at regular intervals 
intended to prevent equipment failures and deterioration. 

Process Wastewater: Water that comes into direct c'ontact with or results from the production or 
use of any raw material, intermediate product, finished product, by-product, waste prodoct, or 

, wastewater. 

PVC (Polyvinyl Chloride): A plastic used in pipes because of its strength; does not'dissolve in most 
organic solvents. 
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Raw Materia!: Any product or material that is converted into another material by processing or 
manufacturing. 

RCRA: Resource Conservation and Recovery Act. 

Recycle: The process of minimizing the generation of waste by recovering usable products that 
might otherwise become waste. Examples are the recycling of aluminum cans, wastepaper, 
and bottles. . 

Reportable Quantity (RO): The quantity of a hazardous substance or oil that triggers reporting 
requirements under CERCLA or the Clean Water Act. If a substance is released in amounts 
exceeding its RO, the release must be reported to the National Response Center, the State 
Emergency Response Commission, and community emergency coordinators for areas likely to 
be affected (see Appendix I for a list of Ras). 

Residual: Amount of pollutant remaining in the environment after a n;:ltural or technological process 
has taken place, e.g., the sludge remaining after initial wastewater treatment, or particulates 
remaining in air after the air passes through a scrubbing or other pollutant removal process. 

Retention: The holding of runoff in a basin without release except by means of evaporation, 
infiltration, or emergency bypass. 

Retrofit: The modification of storm water management systems in developed areas through the 
construction of wet ponds, infiltration systems, wetland plantings, stream bank stabilization, 
and other BMP techniques for improving water quality. A retrofit can consist of the 
construction of a new BMP in the developed area, the enhancement of.an older storm water 
management structure, or a combination' of improvement and new construction. 

Rill Erosion: The formation of numerous, closely spread streamlets due to uneven removal of 
surface soils by storm water or other water. 

Riparian Habitat: Areas adjacent to rivers and streams that have a high density, diversity, and 
productivity of plant and animal species relative to nearby uplands. 

Runon: Storm water surface flow or other surface flow which enters property other than that 
where it originated. 

Runoff: That part of precipitation, snow melt, or irrig~tion water that runs off the land into streams 
or other surface water. It can carry pollutants .from' the air and land into the receiving waters. 

Sanitary Sewer: A system of underground pipes that carries sanitary waste or process wastewater 
to a treatment plant. . 

Sanitary Waste: Domestic sewage. 

SARA: Superfund Amendments and Reauthorization Act. 

Scour: The clearing and digging action of flowing water, especially the downward. erosion caused 
by stream water in sweeping away mud and silt from the stream bed and outside bank of a 
curved channel. . 

Sealed Gate: A device used to control the flow of liquid materials through a valve. 

Secondary Containment: Structures, usually dikes or berms, surrounding tanks or other storage 
c'ontainers and designed to catch spilled material from the storage containers . 
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Section 313 Water Priority Chemical: A chemical or chemical categories which are: (1) are listed 
at 40 CFR 372.65 pursuant to Section 313 of the Emergency Plann'ing and Community Right
to-Know Act (EPCRA) [also known as Title III of the Superfund Amendments and 
.Reauthorization Act (SARA) of 1 986]; (2) are present at or above threshold levels at a facility 
subject to EPCRA Section 313 reporting requirements; and (3) that meet at least one of the 
following criteria~ (i) are listed in Appendix 0 of 40 CFR Part 122 on either Table II (organic 
prioritY pollutants), Table III (certain metals, cyanides, and phenols), or Table V (certain toxic 
pollutants and hazardous'substances); (ii) are listed as a hazardous substance pursuant to 
Section 311(b)(2)(A) of the CWA c;lt 40 CFR 116.4; or (iii) are 'pollutants for which .EPA has 
published acute or chronic water quality criteria. See Addendum B of this permit. (List is 
included as Appendix I.) . 

Sediment Trap: A device for removing sediment from water flows; usuallyin$talled at outfall 
points. 

Sedimentation: The process of depositing soil particles, clays, sands, or other sediments that were 
picked up by flowing water.. 

Sediments: Soil, sand, and minerals washed from iand into water, usually after rain. They pile up 
in reservoirs, rivers, and harbors, destroying fish-nesting areas and holes of water animal.s and 
cloud the water so that needed sunlight might not reach aquatic plants. Careless far~ing, . 
mining, and building activities will expose sediment materials, allowing them to be washed off 
the land after rainfalls. 

'i' 

Sheet Erosion: Erosion of thin layers of surface materials by continuous sheets of ru~ning water. 

Sheetflow: Runoff which flows over the ground surface as a thin, even layer, not concentrated in 
a channel. 

Shelf Life: The time for which chemicals and other materials can be stored before becoming~ 
unusable due to.age or deterioration. . , 

Significant Materials: Include, but are not limited to: raw materials; fuels; materials such as 
solvents, detergents and plastic pellets; finished mate.rials such as metallic products; raw 
materials used in food processing or production; hazardous substances designated under 
section 101 (14) of the Comprehensive Environmental Response, Compensation~ and Liability 
Act (CERCLA); any chemical the facility is required to report pursuant to section 313 of Title III 
of the Superfund Amendments and Reauthorization Act (SARA); fertilizers; pesticides; and 
waste products such as ashes, slag, and sludge that have a potential to be released with storm 
water discharges [122.26(b)(12)]. 

Significant Spills: Includes, but is not limited to: releases of oil or hazardous substances in excess 
of reportable quantities under Section 311 of the CWp.. (see 40 CFR 110.10 and CFR 117.21) 
or Section 102 of CERCLA (see 40 CFR 302.4); 

Slag: Non-metal containing waste leftover from the smelting and refining of metals. 

Slide Gate: A device used to control the flow of water through storm water conveyances. 

Sloughing: The movement of unstabilized soil layers down a slope due to excess water in the soils. 

Slu,dge: A semi-solid residue from any of a number 'of air or water treatment processes. Sludge 
can be a hazardous waste. 
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Soil: The unconsolidated mineral and organic material on the immediate surface of the earth that 
serves as a natural medium for the growth of plants. 

Solids Dewatering: A process for removing excess water from solids to lessen the overall weight 
of the wastes. 

Source Control: A practice or structural measure to prevent pollutants from entering storm water 
runoff or other environmental media. 

Spent So,lvent: A liquid solution that has been used and is no longer capable of dissolving solids, 
gases, or liquids. 

Spill Guard: A device used to prevent spills of liquid materials from storage containers. 

Spilt Prevention Control and Countermeasures Plan (SPCC): Plan consisting of structures, such as 
curbing, and action plans to prevent and respond to spills of hazardous substances as defined 
in the Clean Water Act. 

Stopcock Valve: A small valve for stopping or controlling the flow of water or other'liquid through 
a pipe. 

Storm Drain: A slotted opening leading to an underground pipe or an open ditch for carrying 
surface runoff." , 

Storm Water: Runoff from a storm event, snow melt runoff, and surface runoff and drainage. 

Storm Water Discharge Associated with Industrial Activity: The discharge from any conveyance 
which is used for collecting and conveying storm water and which is directly related to 
manufacturing, processing or raw materials storage areas at an industrial plant. The term does 
not include discharges from facilities or activities excluded from the NPDES program under 40 
CFR Part 122. For the categories of industries identified in subparagraphs (i) through (x) of 
this subsection, the term includes, but is not limited to, storm water discharges from industrial 
plant yards; immediate access roads and rail lines used or traveled by carriers of raw materials, 
manufactured products, waste material, or by-products used or created by the facility; material 
handling sites; refuse sites; sites used for the application or disposal of process waste waters 
(as defined at 40 CFR 401); sites used for the storage and maintenance of material handling 
equipment: sites used for residual treatment, storage, or disposal; shipping and receiving areas; 
manufacturing buildings; storage areas (including tank farms) for raw materials, ;and 
intermediate and finished products; and areas where industrial activity has taken place in the 
past and significant materials remain and are exposed to storm water. For the categories of 
industries identified in subparagraph (xi), the term includes only storm water discharges from 
all the areas (except access roads and rail lines) that are ,listed in the previous sentence where 
material handling equipment or activities, raw materials, intermediate products, final products, 
waste material, by-products, or industrial machinery are exposed to storm water. For the 
purposes of this paragraph, material handling activities include the: storage, loading and 
unloading, transportation, or conveyance of any raw material, intermediate product, finished 
product, by-product or waste product. The term excludes areas located on plant lands 
separate from the plant's industrial activities, such as office ~uildings and accompanying 
parking lots as long as the drainage from the excluded areas is not mixed with storm water 
drained from the above described areas. Industrial facilities '(including industrial facilities that 
are Federally, State, or municipally owned or operated that meet the description of the facilities 
listed in this paragraph (i)-(xi) include those facilities designated under the provision of 
122.26(a)(1 )(v). The following categories of facilities are considered to be engaging in 
"industrial activity" for purposes of this subsection: 
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, , 

(i) Facilities subject to storm water effluent limitations guidelines, new source performance 
'standards, or toxic pollutant effluent standards under 40 CFR' Subchapter N (except facilities 
with toxic pollutant effluent standards which are excepted under ca~egory (xi) of this 
paragraph); , 
(ii) Facilities classified as Standard Industrial Classifications 24 (except 2434), 26 (except 265 
and 267), 28 (except 283 and 285) 29, 311, 32 (except 323), 33, 3441, '372; 
(iii) Facilities classified as Standard Industrial Classifications 1 0 though 14 (mineral industry) 
including active or inactive mining operations (except for areas of coal mining operations no 
longer meeting the definition of a reclamation area under 40 CFR 434.11 (I) because the 

, performancebond'issued to the facility by the appropriate SMCRA authority has been released, 
or except for areas of non-coal mining operations which have beEm released from ~pplicable 
State or Federal reclamation require'ments after December 1 7, 1990' and oil and gas ' 
exploration, production, processing, or treatment operations, or transmission facilities that 
discharge storm water contaminated by contact with or that has come into contact with, any 
overburden, raw material, intermediate products, finished products, byproducts or waste 

, products located on the site of such operations; (inactive mining operations are mining sites 
that a~e not being actively mined, but which have an identifiable owner/operator; inactive 
mining sites do not include sites where mining claims are being maintained prior to 

,disturbances associated with the extraction, beneficiation, or processing of mined materials, 
nor sites where minimal activities are undertaken for the sole purpose of maintaining mining 

,claim); , , 
, (iv) Hazardous waste treatment, storage, or disposal facilities, including those that are 
operating under interim status or a permit under Subtitle C of RCRA; , 
(v) Landfills, land application sites, and open dumps that receive or have received any industrial 
wastes (waste that is received from any of the facilities described under this subsection) 
including those that are subject to regulation under Su6title D of RCRA; 
(vi) Facilities involved in the recycling of materials; including'metal scrapyards, battery " 
reclaimers, salvage yards, and automobiles junkyards, including but limited to those classified 
as Standard Industrial Classification 5015 and 5093; , ' 
(vii) Steam electric power generating facilities, including coal handling sites; 
(viii) Transportation facilities classified as Standard Industrial Classifications 40, 41, 42 (except 
4221-25), 43, '44,45, and 5171 which have vehicle maintenance shops, equipment cleaning 
operations, or airport deicing operations. Only those portions of the facility that are either 
involved in vehicle maintenance (including vehicle rehabilitation, mechanical, repairs, painting, 
fueling, and lubrication), equipment cleaning operations, airport deicing operations, or which 
are otherwise identified under paragraphs (i)-(vii) or (ix)':(xi) of this subsection are associated 
with industrial activity; 
(ix) Treatment works treating domestic sewage or any other sewage sludge or wastewater 
treatment device or system, used in the storage treatment, recycling, and reclamation of 
municipal or domestic sewage, including land dedicated to the disposal of sewage sludge that 
are located Within the confines of the facility, with a design flow of 1.0 mgd or more, or 
required to have an approved pretreatment program ul")der 40 CFR 403. Not included are farm 
lands, domestic gardens or lands used for sludge management where sludge is beneficially 
reused and which are not physically located in the confines of the facility" or areas that are in 
compliance with Section 405 of the CWA; 
(x) Construction activity 'including clearing, grading and excavation activities except: 
operations that result in the disturbance of le,ss than five acres of total land area which are not 
part of a larger common plan of development or sale; 
(xi) Facilities under Standard Industrial Classification 20, 21, 22, 23, 2434, '25, 265, 267, 27, 
283, 285, 30, 31 (except 311), 323, 34 (except 3441), 35, 36, 37 (except 373), 38" 39, 

,4221-25, (and whi~h are not otherwise included within categories (ii)-(x»; 

Note: The Transportation Act of 1991 provides 'an exemption from storm water permitting 
, requirements for certain facilities owned or operated by municipalities with a 
population of less than 1 00,000. Such municipalities must submit storm water 
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discharge permit applications for only airports, power plants, and uncontrolled sanitary 
landfills that they own or operate, unless a permit is otherwise required by the . 
permitting authority. . 

Subsoil: The bed or stratum of earth lying below the surface soil. 

Sump: A pit or tank that catches liquid runoff for drainage or disposal. 

Surface Impoundment: Treatment, storage, or disposal of liquid wastes in ponds. 

Surface Water: All water naturally open to the atmosphere (rivers, . lakes, reservoirs, streams, 
wetlands impoundments, seas, estuaries, etc.); also refers to springs, wells, or other collectors 
which are directly influenced by surface water. . I, 

Swale: An elongated depression in the land surface that is at least seasonally wet, is usually 
heavily vegetated, and is normally without flowing water. Swales direct storm water flows 
into primary drainage channels and allow some of the storm water to infiltrate into the ground 
surface. 

Tarp: A sheet of waterproof canvas or other material used to cover and protect materials, 
equipment, or vehiCles. 

Topography: The physical features of a surface area including relative elevations and the position 
of natural and human-made features. 

, , 

Toxic Pollutants: Any pollutant listed as toxic under Section 501(a)(1) or, in the case of "sludge 
use or disposal practices," any pollutant identified in regulations implementing Section 405(d) 
of the CWA. Please refer to 40 CFR Part 122 Appendix D. . 

Treatment: The act of applying. a procedure or chemicals to a substance to remove I-Indesirable 
pollutants. 

Tributary: A river or stream that flows into a larger river or stream. 

Underground Storage Tanks (USTs): Storage tanks with at least 10 percent or more of its storage 
capacity underground (the complete· regulatory definition is at 40 CFR Part 280.12). 

Waste: Unwanted materials left over from a manufacturing at other process. 

Waste Pile: Any noncontainerized accumulation of solid, nonflowing waste that is used for 
treatment or storage. 

Water Table: The depth or level below. which the ground is saturated with water. 

Waters of th!! United States: 
.. (a) All waters, which are currently used, were used in the past, or may be susceptible to use 
in interstate or foreign commerce, including all waters which are subject to the ebb and flow of 
the tide; 
(b) All interstate waters, including interstate "wetlands;" 
(c) All other waters such as intrastate lakes, rivers, streams (including intermittent streams), 
mudflats, sandflats, "wetlands," sloughs, prairie potholes, wet meadows, playa lakes, or 
natural ponds, the use, degradation, or destruction of which would affect or could affect 
interstate or foreign commerce including any such waters: 
(1) Which are or could be used by interstate or foreign travelers for recreational or other , 
purposes; 
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. . 
(2) From which fish or shellfish are or could b~ taken and sold in interstate or foreign 
commerce; or . 
(3) Which. are used or could be used for industrial purposes by industries.in interstate 
commerce; 
(d) All impoundments of waters otherwise defined as waters of the United States under this 
definition; 
·(e) Tributaries of waters identified in paragraphs (a) through (d) of this definition; 
.(f) The territorial sea; and 
(g) "Wetlands" adjacent to waters (other than waters that are themselves wetlands) identified 
in paragraphs (a) through (f) of this definition. 
Waste treatment systems, including treatment ponds or lagoons designed to meet the 
requirements of CWA (other than cooling. ponds as defined in 40 CFR 423.11 (m) which also 
meet the criteria of this definition) are not waters of the United States. This exclusion applies 
only to manmade bodies of water which neither were originally created in waters of the United 
Stiites (such as disposal area in wetlands) nor resulted from the impoundment of waters of the 
United States. 

Waterway: A channel for the passage or flow of water. 

Wet Well: A chamber used to collect water or other liquid and to which a pump is atta~hed. 

Wetlands: An area that is regularly saturated by surface or ground water and subsequently is 
characterized by a prevalence of vegetation that is adapted for life in saturated soii conditions. 
Examples include: swamps, bogs, fens, marshes, and estuaries. 

, Wind' Break: Any. device designed to block wind flow and intended for protection against any ill 
effects' of wind. 

September 1992 B-11 
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Appendix C 

APPENDIX C 

MODEL STORM WATER POLLUTION PREVENTION PLAN 
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Emergency 

Doub1e Scoop Ice Cream' Company 

40 Wonka Drive 
Any town, OX 12345, 

December 1992 

storm. water Pollution Prevention 

contact: Cheryl Glenn Work Phone: 

Plan 

(101) 

Title: Plant Manager Emergency Ph9ne: 

Secondary contact: Rachel Meyers Work Phone: (101) 

Title: Engineering supervisor Emergency Phone: 

Type of Manufacturer: Ice Cream Manufacturer 

Operating Schedule: 8:00 a.m. - 11:30 p.m. 

555~1234 

(101) 555-6929 

555-3923 

(101) 555-6789 

Number of Employees: The plant has 21 employees, including part 
time staff. Shifts overlap all day. , 

. ' 

Average Wastewater Discharge: 5,000 gallons per week 

NPDES Permit Number: OX1234567 
-

'\ 

,. 
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... }::i::!:j.::;;:i:::!;j:.:::,: •. ·~·!:(i:::ii:i;i;:!;i::::i:ii::ii;!~~I~~.,·IiH$.T~~.:;:: .. :".;::. .,., .. :.:,:" ~ ____ _ 

Members: 

(1) S"~en /1?tc6«~/.s '. Title: flz;4udd~h Aaerv",st!!Jr
Office Ph~ne: OP<) 6t2 6 -- 3'Z:? .. 3 

Responsibiliti'es: . ,/tlt?zZ·.:::eoy ~s$" &'4L1pS'j be{p 
~4(~ /n~&c>n.s .'. .'. 

Title: P1?1he~;V, ~ !r~SL?r 
Office Phone: (/O/) ss-s-- 2S:9-t:2 

Responsibilities: &~/;6/e .~. /~en~f z"he~ 
~/zhe- @4rOnnaPlGe: ~; 4Ver,S't"~ I~~.a.s 7 ' . 7 . 

(3) :Z::.oa::tac Ee/dPrlt!!ZL'l Title: @6/n~cel9zc S.r~r 
Office Phone: (tt:JI)' 75 S -t!P ~S 2-

Responsibilities: mr, CZ/4n7t:::U7 /6 t'6.::;.'.s;;:u// ~se.- . 
aP~/?a?7?'J" t2?er:su:.s= '~e?d6I!JkseL:eerl/¥t II 

Title: 
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~/~en" 

EnflA~hr ~dHehDn 

~e./m~ ~m~,jJS1s 

m~nrena:~u:~ 

~,~& nwdhla.n 
~/i'l ~~~ (P()nltn~ 

~) 
~ 
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Double Scoop Ice Cream company 

-'Storm water Pollution Prevention Plan 
comparison with SPCC Plan 

Double Scoop Ice Cream piant has an SPcc pian in operation for its 
aboveground fuel storage tank. Overlaps are noted below: 

• Isaac Feldman is the SPCCCoordinator and reports directly 
to Cheryl Glenn. He will be the Storm Water Spill 
Prevention and Response co~rdinator. 

• A complete description of potential for oil to cont'aminate 
sto~water discharges including quantity of oil ,that could 
be discharged. ' 

• Curbing around aboveground fuel storage tank ident'ified on 
site map. 

• Expanded SPCC schedules and procedures to include Storm 
Water Pollution Prevention Plan requirements. 

I 

• Incorporated SPCC plan training into storm'water training 
programs on spill prevention and response. 

• Relevant portions of the SPCC ptan will be included in this 
plan. 
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Instructions: Draw a map of your site including a footprint of all buildings, structures, paved areas, and 
parking lots. The information below describes additional elements required by EPA's General 
Permit (see example maps in Figures 2.3 and 2.4). 

EPA's General Permit requires that you indicate the following features on your site map: 

• All outfalls and storm water discharges 

• Drainage areas of ea~h storm water outfall 

• Structural storm water pollution control measures, such as: 

Flow diversion structures 
Retention/detention ponds 

- Vegetative swales 
-Sediment traps 

• Nanie of receiving waters (or if through a MUlllicipal Separate Storm Sewer System) 

• Locations of exposed significant ma~erials (see Section 2.2~2) 

• Locations of past spills and leaks (see Section 2.2.3) 

• Locations of high-risk, waste-generating areas and activities common on industrial sites such as: 

Fueling stations 
,. Vehicle/equipment washing and maintenance areas 

Area for unloading/loading materials .:;. 
Above-ground tanks for liquid storage 
Industrial waste management areas (landfills, waste piles, treatment plants, disposal areas) 
Outside storage areas for raw materials, by-products, and finished products 
Outside manufacturing areas 
Other areas of concern (specify: .) 

/~) 
~ 
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Instructions: List all materials used, stored, or produced onsite. Assess and evaluate these materials for their potential to contribute pollutants to '. 
storm water runoff. Also complete Worksheet 3A if the material has been.exposed during the last three years. 

Material Purp08e/Locatlon IJHd 

I J 7:J., ""0 I&II~ ,cae ) In&l5f,(n~de/,OQ R4//Wi( 

I Llarep dur/n~ ./ 
/dIll< S~ I1d.s r bn::¥ h S ~ ~ 

. ) I /It:V~d ",q~c:l;t!/1I 
1';'JIA~';~.5'i:'ueli ..... .5h.~.;;tqe ~d 

{ 'nll/k ~ar 

1/.,()f"y] ~ VrUO 
'f ' Ibl6 tU4."-J h'~_ L 

I, 

.;sJtp retO't! 
f 

7iu~ I/p/l7aa'in9 
are-a avrll?1/ 
cyansli¥' -t:e> 
5U1U-t-~e-Y' 

7,100 .. 
QaI/"-'C 1 . 

Quantitv 
(unite). 

Ptoducod Stoied 

~ooo 
.. oallwk:. , 

Quantltv Exposed in Last 
3 Years 

NO 

(je$ 
I 

Likelihood of contact with storm water. If 
ves, describe reason. 

l/lUck {"aeh.nQ ;lJ'~a otd~Kk 
. .J 

avtd /loss/hie ~r?C>slAJ1!!!... 

1AI/I1A~iAY~d I;et n k.5 . 

r vucK. lot:ldt, nil tU4!.&l "vk (c/k. 
IAI/.flr ot>ss,/,It1 e;<posure. ctS 
et. r-; 5U LJ- ,,-yy l"IA~t.kJ.g~tal1b., 

J 

Past Significant 
Spill or Leak' 

Yes I No 

"/ 

v 

~~. 

~fk~ ~~~ r~Z;l I NQ 1 tJ~ I I ~/I 
II?J~nsen:;.:. 

/ 

L'-.. J;~HIa'~llJnLC~hser5 1400 Ihl. 

1 
• I In d'Yf sitrra«. I!hlt:Jysi1/I'Z--O ..9.n!a f/ntloDfsl 

J-I D. I!-. - .~&. 

16~~ Sj:>~-/? 

'NO I Ye5., f'05Slb-tt!.- s/r;v6U:I-c.." 

1~)CPl7P~d-. UV'/ NJ '~s!b--: 
..H{ .LikY ~r:JA,p_J.Q..r.J#~ • 

I I 

~ 

01 1' ................................................................................................................ --.. ------~ 
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Worksheet #3 

MATERIAL INVENTORY 
Completed by: 

~ Title: 
PCU!~ 2- Date: 1?~~Z\1992.-, 

Instructions: List all materials used, stored, or produced onsite. Assess and evaluate these materials for their potential to contribute pollutants to 
storm water runoff. Also complete Worksheet 3A if the material has been exposed during the last three years. I 

Quantity Past Significant 
(unltll) Quantity Exposed In Lalt Llkel1lhood of contact with .torm water. If Spill or Leak 

Material PurpOlle/Locatlo,n Uud ProdllCed - Ilo,rll<l 3 Yearll yel, delcrlbe reallo,n. Yel No 

(!/,.::shserS· 

hAU" :..I 1',/- 5 i!Zr"-t!!:.- I/Y) hr.//. - - No t!,...,s - i.e- wJL:r h#1aL rd~Ks t/ 
/- /:J/~ -~ /.;k. 

I 

'sb,.......,A'.ouA/~ /v/.£.r. -2tKrO 

Aui:lt·~ -t:) /- ./.. .~I/ev-. 

/I1ICnPS.:!iJP1 

'C/.lp-/c:;. : '. ., 
aaS'Oh/Je ",,£'AldfJ .... _ J. 2'!i1l h~J. 'J~'- - ItJb I V 
~",,-,; all ::¥f'~f1!!~J!., _ ~ 

Ut1::JIJ ~- - AJ& (J~s- /C'OSSlbk.. t"YlYX'u..n"'. if 
I , l , 

>'" / AA & f. t"/ <D ,~,..J,. ..fJ.,c.. 

,~~s . Wg"/ 'k - - IVc> ~-r;,C.h'u-_ -hut Ks bY' _t/ , I 

, cfwt.p,.~W ~f!. ~~~ ~.J- ... L 
~ 

( 
~ Mm -bJ1f'~ k 1'/J/1f~/neP"S 
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'Chiiil!li!te~bv:;'~I'~~ '.' . 
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Instructions: Based on your material inventory, describe the s.ignificant materials that were exposed to storm water during the past three years 
andlor are currently exposed. For the definition of "significant materials" see Appendix B of the manual. 

Delcrlption of Exposed 
Significant Material 

Period of 
Exposure 

Quantity 
Exposld 
(units) 

bdllUei Su.qarll/~h21 IOt:la/. I . I I ,. / 

Locetion 
(al indlceted on the lite 

mep) 

. .rTo~e. ~/.UleYnq 
. rM~#-2 / 

Method of Storege Qr 
Dlsposel (e.g •• pile. drum. 

tank) 

Description of Materiel Management Prectice (e.g .. pile 
covered. drum aeeled) 

~ 4a/. ranKsl:2~ Lt&tk WA.5 o/lnu//~'/ano{ 
I I ~,,/u"'~kd!_£ed1lfUde:/er-#-

" .. / ' I/o £«~ ,1/""--"- ..h--~_ Ll. 
/ l-k ~ H:wf-~e/A.-1.. £.A~b 

~. kA..l<v va./ve. 
/ 

0"l 
W· · 

~L' __ """""""""""""""""" ________________________________________________ ------______ ----------~ 
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Worksheet #4 ~ 
Completed by: 3kiflG~ 
Title: . t ~tH: 
Date: £k!c~Phk;- /'Z. I /9. ~ 

LIST OF SIGNIFICANT SPILLS AND LEAKS 

Directions: Record below all significant spills and significant leaks of toxic or hazardous pollutants that have occurred at the facility in the three 
years prior to the effective date of the permit. 

Definitions: Significant spills include, but are not limited to, releases of oil or hSi;ardQus_substancesine2<cess of reoortableQuantities. 

1 st Year Prior 

2nd Yoar Prior 

Date 
(month/day/year) 

1/201/9/ 

3rd Yeer Prior 

Date 
(month/day/year) 

Spill 

Spill 

Leak 

Location 
(ee Indle.ted on .Ite 

map) 

Location 
(a8 Indicated on site 

map) Type of Material 

Description 

I 

nAF::~rilu lUI 

Quantity I Source. If Known Reason 

V ISTPM6'e 81OG.1 LltiVlIJ sll~~1 IOqa.1 Ta.nI<. #2. I leaKy I/~ve 

Leak 

Location 
(as Indicated on aite 

map) Type of Material 

It. I 

/\/ 
, I' 

Quantity 

-"" 
(1 
'" 

Description 

Source. If Known Reason 

AI ~ 

./\/ I--,--" -

Response Procedure 

Amount of 
Material 

Recovered 

Material No 
Longer Expoled 
to Stonn Water 

(True/Fallll) 

nH." ..... "H Procedure 

Material No 
Amount of 

Material 

Response Procedure 

Amount of 
Material 

Recovered 

Material No 
Longer Expoled 
to Storm Water 

(True/Faile) 

Preventive 
Measures 

Taken 

Preventive 

Preventive 
Measures 

Taken 

713 
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Date of 
Test or 

Evaluation 

/~~'I!tz. 

1/11/93 

Ws-h.3 

Outfall Directly 
Observed During the 

Test (identify as indicated on 
the site map) 

t)tlL 

ttJCJ/. 

/JI'Y/ 

Method Used to D~scribe Flesults from Test for Name of Person Who 
Test or Evaluate the Presence of Non-Storm Identify Potential Conducted I the Test or 

Discharge Water Discharge . Significant Sourc~s Evaluation 

1//6«a/ 1. 1 IR.· ~o/~ ~ 
P1Suu/re>n ./IJ/2~~ ~e.W.l'JI J'. ~t7~~ 
.V/~~4/. 1l'I?n'ffCA.,,;'ji/~~-- ~/&~ ~R5h. I~' ~er~ ~ 
/ns~ehi?n p/! ;!?/J9pn77a.r~M~ Jl. 6'1?e:dh~ 

///:;;41\ cS!?"a/I. an7~.-~ ISt/5P~' ~ k- If. J'J?eu~ .h~' 
. ". dlseh.-~ ~6~~~> de/a I#'~ $~ rn-'l . \\ . ~ -7j /_ __ 

~---_.£...-,., ~.-,- ~/~ar k.J~-;d'.,!!:i:;-h~ u. ~~ 
, ~m sh>nn ..rh~ I , 

~~2hh.3 

i'See A~~ I'~i ~elt~d 71d4'" .ne>r~K .. 

~. I CERTIFICATION 

~ I, ~ tb!en n (responsible corporate olfici~II, certily un~er penalty 01 law th.at thIS ~ocument an~· allanachments were 
prepared u der my direction or supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the 
information submitted. Based on my inquiry of the person or persons who manage the system or those persons directly responsible for gathering 
the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and complete. I am aware that there are' 
significant penalties .for submitting false information, including the possibility 0.1 fine.and imprisonment for knowing violations. 

A .. Name & OffiCial Title (type or print) 

'(!hery/ t5/!U1/7 
7~· .. __ ._. __ ._-_. . ... _-

C. Signature ~~ 
... 

B. Area Code ~nd Telephone No. 
Li~lj 633 -/-Z.~ 

D. -Date Signed 3/.:zh3 

m •• __ .................................. __ .. ________________________________________________________________ .. __ ~ 
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Itm~: 1c:J:~ ~ 
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tr'nJv,.hly ~ /~srr~.; C,/Z- U?t:!ht!t-s 
F/pw t?J,.sU'~d.. AlO 

~~/~ 6r: £a~eI' mer~ 
D~: //1" /?:5 . 
rl.W1~: ~: ~/,M 

T~ G'/"u.. Itt:f~r('"~: ~ dar.!' 
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R.. Mt!.Ifer5' 
S,. ~dh",pe- . 

(~ApS"Hek); t?/~ Sh~) '>e!'Rf.#~ 
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,Double Scoop Ice Cream Company 

site Assessment Inspection 

February 10,,1993 

Evaluate the site for pollutants~ 

There are five are~s wnere material handling and storage activities' 
take place. 

• The storage building contains tanks of corn syrup, liquid 
, sugar, 'and the granular cleansers. The tanks were examined 
for, possible leaks. We found that the valve on the liquid 
sugar tank #2 was faulty and had leaked approximat~ly 10 
gallons of liquid, sugar. Although this leak occurred on 
1/21/92, the ,faulty valve was not discoverep, until now. 
All other tanks are secure. Areas around the tanks were 
swept clean to determine if leaks or spills were prevalent.' 

• The milk storage tanks were then examined for leaks C;;r 
exposure. Upon closer examination, it was found that 'the 
number 1, tank was leaking a small amount of milk to the 
drainage' system. This leak may be the reason for the high' 
concentration of biochemical oxygen demand found in the 
sample taken from the storm water discharge. The tank was 
temporarily ,fixed to ensure that no further contamination 
would result. A replacement tank was ordered.on February 
6, 1993, and was expected to arrive within ,5 business days. 
The milk storage tanks shall be examined on a daily basis 
to further prevent possible exposure to the storm water 
collection system and receiving stream. 

• We, inspec,ted the' fueling station to see if there were any 
leak~. The general area surrounding the fueling ,station 
was clean but we observed that gasoline and motor oil falls 
'during fueling. In accordance with standard operating 
conditions, facility personnel hose down the area during 
vehicle washing and the drain is connected to the storm 
sewer. We detected this connection'on,1/19193 during one 
of the non-storm, water 'discharge assessment visual 
inspections. since this discharge is not allowed. under our 
general permit, we are in the process ,of submitting a 
separate permit application specifically for the discharge 
of vehicle wash water. ' 

• We examined the fueling station, which is adjacent to the 
vehicle, washing area. Vehicle washing cleaners are used 
here and any empty or open containers were removed from the 
area. 

C -\G\ 
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• We next looked at the loading and unloading docks where raw 
materials and various cleansers are delivered. The 
tran~er of goods from incoming trucks to storage areas is 
a source of pollution. Although no problems were noticed, 
the pollution prevention team has '"developed a spill 
prevention and response plan to clean up spills quickly and 
report them if necessary. 

• The last area we inspected was the runoff field below the 
employee parking lot. Here we noticed a significant amount 
of erosion resulting from recent construction to expand the 
parking lot. . 

Describe existing management practices •. 

Grass was lightly planted around the parking lot after recent 
construction. The fuel storage tank has curbing around· it in 
accordance with our SPCC plan. Also, the maintenance crew 
regularly picks up :trash and empty containers from around the 
storage tanks, loading and unloading areas, and the vehicle washing 
areas. Used oils are collected in containers and taken to a 
recycling facility. In addition, we installed two oil/water 
separators at the drains into our underground storm sewer leading 
to the Rocky River. These separators are indicated o~ the site 
map. 
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Double Scoop Ice Cream company 

Existing Monit6ring Data 
\' 

Alt~ough our NPOES permit for process wastewater does not require 
stormwatersampting, we sampled our storm water on one occasion in , 
response to a questionnaire we received from the National 
Association of Ice Cream Makers. They were collecting information 
to submit as part of their comments on EPA's proposed general 
permit. 

Date of Sampling 8/30/91 
-

Outfall Sampled 001 

Type of Storm 1 inch light rainfall 
_(lasted 2 days) 

Type of Samples Grab samples taken 
during first hour of 
flow' 

Data 

Sample 
Parameter Quantity Type 

BOD 250 mg/l Grab 

TSS 100 'mg/l Grab 

pH 7.2 s.u. Grab 

Oil and 5.0 mg/l Grab. 
grease 

Based upon ~he high concentration of BOD in the storm water samples 
collected, pollution prevention team is considering possible 
potential. sources of BOD. We will look at storage areas housing 
butter fat, milk, and whey solid~ tanks. 
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Double Scoop Ice Cream Company 

summary of Pollutant Source~ 

Hall:'ch 5, 1993 

Based on the site assessment inspection conducted on 12/1/92, .the 
pollution· prevention team identified four potential sources of 
pollutants: ' 

• oil and grease stains on the pavement in the fueling area 
indicate oil and grease may be picked up by storm water 
draining to the storm sewer. This area drains into the 
storm sewer leading to the Rocky River. 

• Sediment and erosion potential in the field below th.e 
employee parking lot because of thinly planted grass. 

• Potential for spills. or leaks from liquid storage tanks, 
including the fuel storage tank, based on a spill that 
occurred on 1/21/92 and the leak that was detected in the 
milk, storage tank. These pollutants would drain into the 
piped outfall into the Rocky River. 

• Use of a toxic cleaning agent may result in a pollution 
problem if handled improperly. 
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Double Scoop Ice Cream Company 

Description of storm water xanaqement'xeasures Taken 
Based on Site Assessment Phase 

Karch 5, 1993 

These measures correspond to the pollutant sources .identified on 
the preceding page. 

oil and qrease from fueling area. 

We installed drip pads around the fuel pumps ~o pick up spilled gas 
and oil during truck refueling. These will be inspected regularly 
to make sure they are working well. 

Sediment .and erosi'on in the field below the employee parking lot. 

We planted grass in this ,area to reduce potential fore~osion. 

Leaks/spills from liquid storaqe tanks. 

We are in the process of installing curbing around the outdoor· 
liquid storage tanks that will contain the volume of he largest 
tank in case a spill should occur. The spill response team has· 
developed procedures to clean up th~s area should a spill occur. 
We are incorporating spill response procedures from our SPCC plan. 

Toxic cleaning agent. 

We have discontinued the use of this agent and are replacing it 
with a·non-toxic cleaning agent. 

. I 
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Instructions: List all identified storm water pollutant sources and describe existing management practices that address·those sources. In the third 
column, list BMP options that can be incorporated into the plan to address remaining sources of pollutants. 

Storm Water Pollutant Sources 

1. (/17 t;:lnd t{r-ePS(! t:7I1 p~~ 
/n-fvdl7q~ 

2. !3;?JSI't:;/l Inl1't:-k/ 6ehw 
eM.p/~~~)tI/tlq .0r-

3. 

EXisting Management Practices 

tJil and w~ s~~..> /~Sk//'b:/ 
N1 .s-/oY/I-'1 ~.~ 

;O~ S&fme..1 n;'si P~C~;?sl-hfi:..h.' 
se4 SI£Ia/t"J d,0n?; U-bnkA:.. PI7P'e 

Description of New BMP Options . 

l'/aMr M.0r~ fn:fSS 
·11 

I 1~11'" T~~IC tr:..L r-PH.JC.)RHI &Jr"/~/r'-I ("' ....... ..,., '-'- e r-, /. I,yvll 8Y'LRntzon "-",~se Dltz. t:1J 1q~~<J. , ; r> , J v ) 

nt:Jl7-roJOc Cleq"ll/?J ctre-rt f-

> 

5. Tn[sh 1/11t::>ercbl7j~n/ol1(~ 
t' /#ek /lJ" ~A $ 

aill1 Skrr07 ;I~d hot(.S~~~//v9 
pmclr Cl!:$. . / 

6. 

7. 

8. 

9. 

10. 

«>L' ...................................... ----------------------------------------------------------------~ 
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Worksheet #78 
/!/.._ ..... jJ r jDLH• BMP IDENTIFICATION Completed by: 

(Section 2.3.1) Title: Hij./A~V::::dJO" ~" --~ 
Pate: 3l-t"'/f?,~ / 

Instructions: Describe the Best Management Practices that you have selected to include in your plan. For each of the baseline BMPs, 
describe actions that will be incorporated into facility operations. Also describe any additional BMPs [activity-specific 
(Chapter 3) and site-specific BMPs (Chapter 4)] that you have selected. Attach additional sheets if necessary. 

BMPs Brief Description of Activities 

Good Housekeeping eplle~';-al4d r~~y~/e tI~d t>/~ ~tUar ~5h //CR~; ~/? 
> s IRf/' In b:iSIC dean If? jJn;ced uy~.s lS~'o/'//zJ9 /ttJtC?e4i79 ~ 

tu1/t:7ae&Wtl ~e:r~ e/t!-.) 
Preventive Maintenance Pa./~ /nspeCfl~~ t:JI!tPMsI'dL.. ml/.K. ~J r~Mce#¥u'2; . 

t/a1ve-t?/I St-«/Cf/'"rnl1.ll ;;c-z. j r~/,14ce /et:d'/",f m//.K. ~ ~..{ 

Inspections Oal"t IIISjKch.,." o,e<,l</slck H7/1,e~J 61:.m£W~~ 
IHspt'chi!Jns H-dn)7 j?t:ld.s) ~P;/N91 /e'J~i'Uf/I//JIoad.l· 
IfU'l!ZIS "'JeI$~ .rlN"l'h~ L~~/A/7h_ SU'5rz.m. . . . I / 

Spill Prevention Response ~,dS/rz//CU+-b/;Vr aI'p/Uld t:>tds/~ tii5(tttt:f S~ ~~; 
fife! ~ hAS cUfb/Jv'J j 111S"/rUI dl'?i' petcls aT foeI'nr shlltt:Jo. 

Sediment and Erosion Control ;?1an1-'1n:tss ~~d JU!¥t.? j?~Wf ~t1. 

Management of Runoff qm55ed saJak.s aIP;Z:::;Ka 2>~~) (~ ) tJil/lO«rer 
.$~/t?Ys//JsltJy-m .s'~S'~ 

, 

Additional BMPs tJn:Ier-- 11I)11-nXIC C/t!Ylt1/~ Ol.f~ 
(Activity-specific and Site-specific) 



Who: 

Double scoop ice Cream company 

. Employee'; Traininq ,Program 

Line Workers 
Maintena.nce Crew 
Shipping and Receiving Crew 

when: 

'Employee meetings held the first Monday of each month to discuss:· 

• Any environmental/health and safety incidents 

• Upcoming training sessions 

• Brief reminders on good housekeeping, spill prevention and 
response procedures, and material handling practices 

• Announce any changes to the plan 

• Announce any new management practices 

In-depth pollution prevention training for new employees 

Refresher courses held every 6 months (October and March) 
'addressing: I 

• Good.housekeeping 

• Spill prevention and response procedures 

• Materials handling and storage 

Employee Training Program Topics: 

Good Houseke·eping 

• Review and . demonstrate basic cleanup (sweeping and, 
vacuuming) procedures. 

• . Clear.ly indicate proper disposal locations. 

• Post signs·in materials handling areas reminding staff of . 
good housekeeping procedures. 

• Be sure employees know where routine clean-up equipment is 
. located. 

NWMAR117501 



Spill Prevention and Response 

• Clear~y identify potential spill areas and drainage routes 

• Familiarize employees with past spill events -- why they 
happened and the environmental impact (use slides) 

• Post warning signs in spill areas with emergency contacts 
and telephone numbers . . 

• Introduce Isaac Feldman as the Spill Response Coordinator 
and introduce his i,team" 

• Drill on spill clean-·up procedures 

• Post the locations of spill clean-up equipment and the 
persons responsible for operating the e~ipment 

Materials Handling and Storage 

• Be sure employees are aware which materials are hazardous 
and where those 'materials, are stored 

• Point out container" labels 

• Tell employees to use the oldest materials first 

• Explain recycling practices 

• Demonstrate how valves are tightly closed and how drUms 
should be sealed 

• Show how to fuel vehicles and avoid "topping off" 

NWMAR117502 
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Instructions: Develop a schedule for implementing each BMP. Provide a brief description of each BMP, the steps necessary to implement the BMP 
(i.e.,' any construction or design), the schedule for completing those steps (list dates) and the person(s) responsible for 

BMPs 

Good Housekeeping 

Preventive Maintenance 

Inspections 

Spill Prevention and Response 

• 
• Sediment and Erosion Control 

Management of Runoff 

Additional BMPs 
(Actively-specific and site-specific) 

~. 
2. 

3. 

li 
2. 

3. 

1. 

2 . 

I-
2. -
3. 

1. 

2. 

3. 

1. 

2 . 

Scheduled 
Completion 
Date(s) .for 

. Action Notes 
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EMPLOYEE TRAINING 
(Section 2.4.2) 

Worksheet #9 ~ 

E~,etedbY: ~~ 

Instructions: Describe the employee training program for your facility below. The program should, at a minimum, address spill prevention and 
response, good housekeeping, and material management practices. Provide a schedule for the training program and list the 
employees who attend training sessions. 

Brief Description of Training 
Program/Materials (e.g., film, newsletter Schedule for Training 

Training Topics course) (list dates) Attendees 

Spill Prevention and Response Itra-k .!9?i// m-eas6y r1ql1s; dr/II j11tlll1k#an?e/ 
GfJ((1 r~~nse f/I?~eA~.sj show f}c/okr / m~ ohl'(/I' 8- rael v;.' .', 

Good Housekeeping ~()J1$lmn~~;p~()rC&/1$ar ~~/jJ1~ ;#1l111(el1aP1~ . 
drSP~$aI $IYeif. V4 / ~ ISlftpjJ//1Cj ~ l'2"~w~ 

Material Management Practices 'Amdtitehauu-t!ItIJ;tS /fIIa1e;,'a/s /1..1- L_~" /j}1~ f"I/;e/U)~.s/.rH/~ 
1l6e1$) d!"$'CUSS r.ec 4C1//7 • VvrQ~ / / nd' I'~Ct:fVl/1. W#tl111 ~ 

Wv/r~nmep/ft:tI /he.nl1it IHe/den . IS'-I1!wdCUf of!. 11--// eH1p/l)ve~s. 
~~fl1/~~P,c f1,?#Uff~J? p;e~l!ltl2/1~ _'" .eACtt-mt:>h1h /. 

Other Topics 

''''~14~. 
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STORM WATER AND POLLUTION PREVENTION CONTACTS 
AND ADDITIONAL POLLUTION PREVENTIONINFORMA TlON 

Appendix 0 . 
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Appendix 0 

I 

STATE STORM WATER AND POLLUTION PREVENTION CONTACTS 
-

State Storm Water Contact PolIl:Jtion Prevention Contact 

*Alabama John Poole Daniel E. Cooper 
~ 205-271-7852 205-271-7939 

Alaska Michael Menge David Wigglesworth ,. 
907-465-5260 907-465-5275 

Arizona . See Region IX Contact Stephanie Wilson 
602-257-2318 

*Arkansas Marysia Jastrzebski Robert J. Finn 
501-562-7444 501-570-2861 

- . 

* California Don Parrin Kim Wilhelm 
916-657-1288 916-324-1807 

* Colorado Patricia Nelson Kate Kramer 
. 303-331-4590 303-331-451 0 

* Connecticut Dick Mason Rita Lomasney (ConnTap) 
203-566-7167 203-241-0777 

* Delaware Sarah Cooksey Andrea Farrell 
302-739-5731 302-739-3822 

District of Columbia . James Collier Hampton Cross 
202~404-1120 202-939-7116 

Florida EriqLivingston Janet A. Campbell 
, 904-488-0782 904-488-0300 

*Georgia Mike Creason Susan Hendricks 
404-656-4887 404~656-2833 

*Hawaii Steve Chang Jane Dewell 
808-586-4309 808-586-4226 

Idaho Jerry Yoder Joy Palmer 
208-334-5898 . 208-334-5879 

* Illinois Tim Kluge Mike Hayes " 

217-782-0610 ,217-782-8700 

*Indiana Lonnie Brumfield Joanna Joyce 
317-232-8705 317-232-8172 

*Iowa Monica Wnuk John Konefes 
. 515-281-7017 31 9-273~2079 

*Kansas Don Carlson Tom Gross 
913-296-5555 913-296-1603 

*Kentucky. Douglas Allgeier Joyce St. Clair 
502-564-3410 502-588-7260 

* Approved NPDES Program 

September 1992 0-1 
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STATE STORM WATER AND POLLUTION PREVENTION CONTACTS' 
-, 

1:1 State Storm Water Contact Pollution Prevention Contact 

Louisiana Jim Delahoussaye Gary Johnson 
504-765-0525 . 504-765-0720 

, 

Maine Norm Marcotte Scott Whittier 
I 207-289-3901 207-289-2651 

·Maryland Vince Berg Harry Benson 
410-631-3553 301-631-3315 

Massachusetts Cynthia Hall Barbara Kelly 
617-292-5656 617-727-3260 

-
, ·Michigan Gary Boersen Larry E. Hartwig 

517-373-1982 517-335-1178 

·Minnesota Scott Thompson Cindy McComas (MNT AP) 
I 612-296-7203 612-296-4646 

• Mississippi Jerry.Cain Caroline Hill 
601-961-5171 601-325-8454. 

·Missouri Bob Hentges Becky Shannon 
314-751-6825 314-751-3176 

*Montana Fred Shewman Bill Potts 
406-444-2406 406~444-2821 

·Nebraska Clark Smith Teri Swarts 
402-471-4239 402-471-4217 

·Nevada Rob Saunders Kevin Dick 
I 702-687-4670 702-784-1717 

New Hampshire Jeff Andrews Vincent R. Perelli 
603-271'-2457 603-271-2902 

·New Jersey Sandra Cohen Jean Herb 
609-633-7021 609-777-0518 

New Mexico Glen Saums Alex Puglisi 
. 505-827-2827 505-827-2804 

·New York Ken Stevens John lanotti 
518-457-1157 518-457-7267 

, 

·North Carolina Coleen Sullins Gary Hunt 
919-733-5083 919-571-4100 

*North Dakota Sheila McClenatahan Neil Knatterud 
701-221-5210 703-221-5166 

*Ohio Robert Phelps Mike Kelly 
614-644-2034 614-644-3492 

* Approved NPDES Program 

0-2 September 1992 
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-
STATE STORM WATER AND POLLUTION PREVENTION CONTACTS 

- ~'. " 

State Storm Water Contact Pollution Prevention Contact 

Oklahoma Brooks Kirlin Chris Varga 
504-231-2500 405-271-7047 

• Oregon Ranei Nomura Roy W. Brower . 
503"'229-5256 503-229-6585 

• Pennsylvania R.B. Patel Greg Harder 
717-78778184 717-772-2724 , 

,"Rhode Island Ed Symanski Janet Keller 
401-244-3931 401-277-3434 

"South Carolina Brigit McDade Jeffrey DeBossonet 
, 803-734-5300 803-734-4715 , 

South. Dakota· Glenn Pie ritz Vonnie Kallmeyn 
605-773-3351 605-773~31 53 

"Tennessee Robert Haley James Ault 
615-741-2275 615-742-6547 

Texas Randy' Wilburn Priscilla Seymour_ 
512-463-8446 512-463-7761 

"Utah Harry Campbell Sonja Wallace 
801-538-6146 801-538-6170 

*Vermont Brian Kooiker Gary Gulka 
802-244-5674 802-244-8702 

*Virgin Islands Marc Pacifico See Region II Contact 
809-773-0565 

"Virginia Martin Ferguson, Jr. Sharon Kenneally .. Baxter 
804-527-5030 804-371-871 6 

"'Washington Peter Birch Stan Springer 
206-438-7076 206-438-7541 

"'West Virginia Jerry Ray Dale Moncer 
304-348-0375 304-348-4000 

"Wisconsin Ann Mauel ' Lynn Persson 
608-267-7634 608-:267-3763 ' 

"'Wyoming John Wagner David Finley 
307-;777-7082 . 307-777-7752 

* Approved NPDES Program 

September 1992 . 0-3 
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EPA REGIONAL STORM WATER AND POLLUTION PREVENTION CONTACTS -
I 
! 

State Storm Water Contact Pollution Prevention Contact. I 

REGION I Veronica Harrington Mark Mahoney 
617-565-3525 617-565-1155 

REGION II Jose Rivera Janet Sapadin 
212-264-2911 212-264-1925 

REGION III Kevin Magerr Roy Denmark 
215-597-1651 215-597-8327 

REGION IV Roosevelt Childress Carol Monell 
404-347-3379 404-347-7109 

-
REGION V Peter Swenson . Louis Blume 

312-886-0236 312-353-4135 

REGION VI Brent larsen Laura Townsend 
214-655-7175 214-655-6525 

REGION VII Ralph Summers Alan Wehmeyer 
9.13-551-7418 913-551-7336 

REGION VIII Vern Berry Sharon Childs 
303-:293-1630 303-293-1456 

REGION IX Eugene Bromley Jesse Baskir 
415-744-1906 415-744-2189 

REGION X Steve Bubnick Carolyn Gangmark 
206-553-8399 206-553-4072 

0-4 September 1992 
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ADDITIONAL POLLUTION· PREVENTION INFORMATION 

- " 

State pollution prevention programs have people· whq are knowledgeable about pollution prevention 

" and are willing to provide information and sometimes tec;hnical assistance on pollution prevention. 

The EPA has pollution prevention experts located in a number of different program offices, 

laboratories, and EPA Regional offices. These experts can provide information on starting a 

, pollution prevention program or on specific waste reduction BMPs. This Appendix lists State and 

Federal pollution prevention contacts above. Trade associations are another good source of 

pollution prevention information. Trade associations can often provide you with pollution 

prevention assistance directly or refer you to someone who can. 

A comprehensive listing of pollution prevention resources, documents~ courses," and programs, 

including "names and phone numbers, is contained in a new annual EPA publication. Copies of this 
,,' , 

document -- Pollution Prevention Training Opportunities in 1992 -- may be obtained by calling the 

PPIC/PIES support number at (703) 821-4800. 

One good source of information on pollution prevention is EPA's Pollution Prevention Information 

Clearinghouse (PPIC). PPIC contains technical, policy, programmatic, legislative, and" financial 

information on pollution prevention efforts in the United States and abroad. The PPIC may be 

reached by personal computer modem, telephone hotline, or mail. The PIES, or Pollution Prevention 

Information Exchange System, is a free 24-hour electronic bulletin board consisting of message 

centers, technical data bases, issue-specific "mini-exchanges," and a calendar" ot' poilution 

- prevention events. The PIES allows a user to access the full range of infirmation in t~e PPIC. For 

. information on how to use the PPIC/PIES, call (703) 82'1-4800. To log on to the PIES system using 

a modem and a PC, call (703) 506-1025 (set your communication software at 8 bits and no 

parity). 

EPA and State programs have developed manuals and fact sheets containing specific pollution 

prevention information-. These manuals and fact sheets listed below c~n be ord~red free of charge 

by calling the EPA Pollution Prevention Information Clearinghouse at (703) 821-4800. 

September 1992 0-5 
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INDUSTRY-SPECIFIC POLLUTION PREVENTION GUIDANCE MANUALS 
AVAILABLE FROM THE PPIC 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guj'des to Pollution Prevention: 

Guldes to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Guides to Pollution Prevention: 

Automotive Refinishing Industry 

Auto Repair Industry 

The Commercial Printing Industry 

The Fabricated Metal Industry 

Fiberglass Reinforced and Composite 
Plastics 

Marine Maintenance and Repair 

The Paint Manufacturing Industry 

The Pesticide Formulating Industry. 

Pharmaceutical Preparation 

Photoprocessing Industry . . 

The Printed Circuit Board Mtmufacturing 
Industry 

Research and Educational Institutions 

Selected Hospital Waste Streams 

. D-6 

EPA/62517-91 /016 

EPA/62517-91 1013 

EPA/62517-901008 

EPA/62517 -90/006 

EPA/625/7-91 1014 

EPA/625/7-91/015 

EPA/62517-901005 

. EPA/625/7-901004 

EPA/625/7-91 1017 

EPA/625/7-91 1012 

EPA/625/7-90100 

EPA/62517-901010 

EPA/62517-90-009 

September 1992 
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FACT SHEETS AVAILABLE FROM PPIC 

1;;;:;:i;::~ii;;:i::::~·~n~~!~'f#~~~9r.f:::~9f9~m~~t9rL::;:·'.'::.;·!r:·::!1 
• Conservation Tips ,for Bl.Isiness 

• General .Guidelines 

• Getting Mor~ Use Out of What We Have 

• Glossary of Waste Reduction Terms 

• Guides to Pollution Prevention 

• Hazardous Waste Fact Sheet for Minnesota 
Generators 

• Hazardous Waste Minimization 

• How Business Organizations Can Help 

• Increase Your Corporate and Product Image 
\ 

~' Industrial Hazardous Wastes in Minnesota 

• Local Governl11ents and Pollution 
Prevention 

• Pollution Prevention (General) 

• Pollution Prevention Fees 

• Pollution Prevention Training and Education 

• Pollution Prevention Through Waste' 
Reduction 

• . Recent· publications 

• Reduce Hazardous Waste 

• Reuse Str:ategies for Local Government 

• Source Reduction Techniques for Local 
Government 

• U.S. EPA's Pollution Prevention Program 

• Video Tapes Available from the Virginia 
Waste Minimization Program 

• Waste Exchange: Everybody Wins! 

• Waste Exchange Services 

• Waste Minimization Fact Sheet 

September 1992 0-7 

• Waste Minimization in the Workplace 

• Waste Reduction C~n Work For You 

• Waste Reduction Overview 

• Waste Reduction/Pollution . Prevention: 
Getting Started 

• Waste Reduction Tips for All Businesses 

• Waste Source Reduction Checklis~ 

• What is Pollution Prevention? 

• Why Reduce Waste? 

:·!I!.jlllll.i~!ilili.l:i·:lli:lililli::j:!I!·!il~I~~J~rl~~tlll::i:;li~!I:il:illi!::!;ll!!I!ililll!!:lllllill:r 
• About Minnesota's "But Recycled 
- Campaign" 

• . Alaska State Agency Waste. Reduction and 
Recycling 

• EPA's 2% Set Aside Pollution Prevention 
Projects 

o EPA's "List of Lists" Projects 

• EPA's Pollution Prevention Enforcement 
Settlement Policy 

• EPA's Pollution Prevention Incentives for 
States 

• EPA's Pollution Prevention Strategy 

• Introducing the Colorado Pollution 
Prevention Program 

• Michigan's Solid Waste Reduction Strategy 

• Minnesota's Toxic Pollution Prevention Act. 

• New Form R Reporting Requirements 

• Oregon's Toxic Use Reduction Act 

• Ppllution Prevention Act of 1 990 

• Promoting Pollution Prevention in 
Minnesota State Gove'rnment 

NWMAR117513 



AppendixD 

• 1991 Small Busin~ss Pollutipn Prevention 
Grants 

• An Organization Strategy for Pollution , 
Prevention 

• Considerations in Selecting a Still for 
Onsite Recycling 

• Colorado Technical Information Center 

• Onsite Assistance (Colorado only) 

• Pollution Prevention Grant Program 
Summaries and Reports 

• Procuring Recycled Products 

• Recycling Market Development Program 

• Selecting a Supplier, Hauler, and Materials 
Broker 

• Solid Waste Management Financial 
Assistance Program 

• Source Reduction at Your Facility 

• Starting Your Own Waste Reduction 
Program 

• The Alexander Motor's Success Story 

• The Eastside Plating Success Story 

• The Tektronics Payoff 

• The Wacker Payoff 

• Waste Reduction Checklists: 

- General 

- Cleaning 

Coating/Painting 

- Formulating 

- Machining 

- Operating Procedures 

- Plating/Metal Finishing 

0-8 

• Waste Source Reduction: Implementing a 
Program 

1<:::;::}:::::;:i;f~:i;i:ii:l:li::~~~~~~~/M~~~rj81'¢~~~~~~::~:}::':;i[fiT~:ii:::t?::!(:=J 
• Aerosol Containers 

• Aircraft Rinsewater Disposal 

• Acids/Bases 

• Chemigation Practices to Prevent Ground 
"Water Contamination 

• Corrugated Cardboard Waste Reduction 

, • Demolition 

• Empty Containers 

• ' Gunwasher Maintenance 

• Lead Acid Batteries 

• Machine Coolants: 

- Prolonging Coolant Life 

- ,Waste Reduction 

• Metal Recovery: 

Dragout Reduction 

- Ion Exchange/Electrolytic Reco~ery 

- Etchant Substitution 

• Metals Recycling 

• Office Paper, Waste Reduction 

• Old Paints, Inks, Residuals, and Related 
Materials 

• Pesticides: 

Disposal of Unused Pesticides, Tank 
Mixes, and Rinsewater 

- In-Filled Sprayer Rinse System to Reduce 
Pesticide Wastes 

- Pesticide Container Disposal 

- Preventing Pesticide Pollution of Surface 
and Ground Water 

September 1992 
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- Preventing Well Contamination by 
Pesticides 

- Protecting Mountain Springs from 
Pesticide Contamination 

- Reducing and Saving Money Usingo 
Integrated Pest Management 

• Plastics: 

The Facts About Production, Use, and 
Disposal 

- The Facts on Degradable Plastics 

The Facts on Recycling Plastics 

- The Facts on Source Reduction 

• Printing Equipment' 
, ' 

• Refrigerant Reclamation Equipment! 
Services 

• Reverse Osmosis 

• Safety Kleen, Inc., Users 

• Shop Rags from Printers 

- Small Silv~r Recovery Units 

- ) Solvents: 

- Alternatives to CFC-113 Used in the 
Cleaning of Electronic Circuit Boards 

Onsite Solvent Reclamation 

- Reducing Shingle Waste at a 
Manufacturing Facility 

Reducing Solvent Emissions from Vapor 
Degreasers 

- Small Solvent Recovery Systems 

Solvent Loss Control 

Solvent Management: Printing Press 

- Solvent Recovery: Fiber Production Plant 

Solvent Reduction in Metal Parts 
Cleaning 

September 1992 0-9 

Appendix D 

- Solvent Reuse: Technical Institute 

Trichloroethylene and Stoddard Solvent 
Reduction Alternatives 

• Ultrafiltration 

• Used Containers: Management 

• Used Oil Recycling 

• Waste Management Guidance for Oil 
Clean-Up 

• Water and Chemical Reduction for Cooling 
Towers 

• Waste Water Treatment Opportui"l,ities 

Ij@::'::;:::I:!:::t::::,)r~o~W(~$~~~iji~:)f.ifQ~m.ati~n::,::;::'·:;::::)·:':','3;:,:;1 
• Aerospace Industry. 

• Auto Body Shops 

• Automotive Painting 

• AutomotiveNehicle Repair Shops 

• Auto Salvage Yards 

- Asbestos Handling, Transport, and Disposal 

-Chemical Production 

• Coal Mining 

• Concrete Panel Manufacturers 

• Dairy Industry: 

Cut Waste and Reduce Surcharges for 
Your Dairy Plant 

- Dairy CEOs: Do You Have a $500 
Million Opportunity?' 

- Liquid Assets for Your Dairy Plant 
. . 

Water and Wastewater Management in a 
Dairy Processing Plant 

• Dry Cleaners 

• Electri'cal Power Generators 

NWMAR117515 
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• Electroplating Industry: 

- Dragout Manag~ment for ,Electroplaters 

- Plating with Trivalent Chrome Instead of 
Cr+6 

- Water Conse,rvation Using Counter 
Current Rinsing 

- Water Conservation: . Tank Design 

- Water Conservation: Rinsewater Reuse 

- What Should I Do With My Electroplating 
Sludge? 

• Fabricated Metal Manufacturers 

• Fiberglass 'Fabricators: Volatile Emissions 
Reduction 

• Machine Toolers 

• Metal Finishers: 

- General 

- Effluent Minimization 

- Rinsewater Reduction 

• Oil Refiners 

• Paint Formulators 

• Paper Manufacturers 

• Pesticide Formulating Industry 

• Photofinishers/Photographic Processors 

• Poultry Industry: 

- Poultry CEOs: You May Have a $60 ' 
Million Opportunity 

- Poultry Processors: You Can Reduce 
Waste Load and Cut Sewer Surcharges 

- Survey Shows That Poultry Processors 
Can Save Money By Conserving Water 

- Systems for Recycling Water in Poultry 
Processing 

• Printed Circuit Board Manufacturers 

0-10 

• Printing Industry 

• Radiator Service Firms 

• Shrimp Processors 

• Steel Manufacturers 

• Textile Industry: 

- Dye Bath' and Bleach Bath Reconstitution 

- Water Conservation 

• Wire Milling Operations: Process Water 
Reduction 

September 1992 
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SILT FENCE 

September 1992 

Design Crit,eria 

A Silt fences are appropriate at the following general locations: 

A Immediately upstream of the point(sl of runoff discharge from a site before flow~ becomes 
concentrated (maximum design flow rate should not exceed 0.5 cubic feet per secondl. ' 

A Below disturbed areas where runoff may occur in the form of overland flow. 

A Ponding should not be allowed behind silt fences since they will collapse under high pressure; the 
design should provide sufficient outlets to prevent overtopping. . 

A The drainage area should not exceed 0.25 acre per 100 feet of fence length. 
A For slopes between 50: 1 and 5': 1 , the maximum allowable upstream flow path length to the fence 

is 100 feet;,for slopes of 2:1 and steeper, the maximum is 20 feet. 
A The maximum upslope grade perpendicular to ,the fence line should not exceed 1: 1 . 
A Synthetic silt fences·should be designed for 6 months of service; burlap is only acceptable for' 

periods of up to 60 days. ' 

IMaterial~ 
, , 

A Synthetic filter fabric should be a pervious sheet of polypropylene, nylon, polyester, or polyethylene 
yarn conforming to the requirements in Tabl,e 1 below. 

, TABLE 1. SYNTHETIC FILTER FABRIC REQUIREMENTS 

Filtering I"'f1Fi ... i,.,.n,-" 

Tensile Strength at 20% 
(maximum) Elongation 

Slurry Flow Rate 

75 % - 85 % (minimum) 

Standard Strength - 30 Ibllinear inch (minimum) 

Extra Strength - 50 Ibllinear inch (minimum) 

0.3 gal/ft2/min (minimum) 

A Synthetic filter fabric should contain ultraviolet ray inhibitors and stabilizers to provide a minimum 
of 6 mOl1ths of expected usable. construction life at a temperature range'of 0 to 1200 F. 

A Burlap of 10 ounces per square yard of fabric can ,also be used. ' 
A The filter fabric should be purchased in a continuous roll to avoid, joints. 
A While not required, wire fencing may be used as a backing' to reinforce standard strength filter 

fabric. The wire fence (14 gauge minimum) should be at 22-48 inches wide and should have a 
maximum mesh spacing of 6 inches. 

A Posts sh,ould be 2-4 feet long and should be composed of either 2" x 2-4" pine (or equivalent) or 
1 .00 to 1.33 Ibllinear ft steel. Steel posts should have projections for fastening wire and fabric to 
them. 

;, Construction Specifications 

A The maximum height of the filter fence should range between 18 and 36 inches above the ground 
surface (depending on the amount of upslope ponding expected). 
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SilT FENCE 1-------------------. 
A Posts should be spaced 8 to 10 feet apart when a .wire mesh support fence is used and' rio more 

than 6 feet apart when extra strength filter fabric (without a wire fence) is used. The posts should 
extend 12 to-30 inches into 'the ground. 

A A trench should be excavated 4 to 8 inches wide and 4 to 12 inches deep along the upslope side 
of the line of posts. 

A If standard strength filter fabric is to be used, the optional wire mesh support fence may be f,astened 
to the upslope side of the posts using 1 inch heavy duty wire staples, tie wires, or hog rings. 
Extend the wire mesh support to the bottom of the trench. The filter fabric should then be stapled 
or wired to the fence, and 8 to 20 inches of the fabric should extend into the trench (Figure 1)~ 

A Extra strength filter fabric does not require a wire mesh support fence. Staple or wire the filter 
fabric directly to the posts and, extend 8 to 20 inches of the fabric into the trench (Figure 1). 

A Where joints in the fabric are required, the filter cloth should be spliced together only at a support 
post, with a minimum 6-inch overlap, and securely sealed. 

A Do not attach ,filter fabric to trees. 
A Backfill the trench with compacted soil or 0.75 inch minimum diameter gravel placed over the filter 

fabric. 

Maintenance 

A Inspect filter fences daily during periods of prolonged rainfall, immediately after each rainfall event, 
and weekly during periods of no rainfall. Make any required repairs immediately. 

A Sediment must be removed when it reaches one-third to one-half the height of the filter fence. Take 
care to avoid damaging the fence during cleanout. 

A Filter fences should not be removed until the upslope area has been permanently stabilized. Any 
sediment deposits remaining in place after the filter fence has been removed should be dressed to . 
conform with the existing grade, prepared, and seeded. 

I Cost I 
A Silt fence installation costs approximately $6.00 per linear foot. 

I Sources 

A Commonwealth of Virginia - County of Fairfax, 1987. 1987 Check list For Erosion And Sediment 
Control- Fairfax County, Virginia. 

A State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manual .. North 
Carolina Sedimentation Control Comrnission, Department of Natural Resources and Community 
Development. 

A Maryland Department of the Environment, 1991. 1991 Maryland Standards And Specifications For 
Soil Erosion And Sediment Control - Draft. 
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PIPE SLOPE DRAIN 

September 1992 

Design Criteria 

A Pipe Slope Drains (PSD) are appropriate in the following general locations: 

A On cut or fiJI slopes before permanent storm water drainage structures have been installed. 
A Where earth dikes or other diversion measures have been used to concentrate flows. 
A On any" slope where concentrated runoff crossing the face of the slope may" cause gullies, 

"channel erosion, o( saturation of slide-prone soils. 
A As an outlet for a natural drainageway. 

A The drainage area may be up to 10 acres; however,' many jurisdictions consider 5 acres the 
recommended maximum. 

A The PSD design should handle the peak runoff for the 1 O-year storm. Typical relationships between 
area and pilJe dial)leter are shown in Table 2 below. 

TABLE 2. RELATIONSHIP BETWEEN AREA AND PIPE DIAMETER 

0.5 12 

0.75 15 

1.0 18 

"I Materials 

A Pipe may be heavy duty flexible tubing designed for this purpose, e.g., nonperforated, corrugated 
plastic pipe, corrugated metal pipe, bituminous fiber pipe, or specially designed flexible tubing". 

A A standard flared end section secured with a watertight fitting should be use· for the inlet." A 
standard T-section fitting may also be used. 

A Extension collars should be 12-inch long sections of corrugated pipe. All fittings must be 
watertight. 

Construction Specifications 

A Place the pipe slope drain on undisturbed or well-compacted soil. 
A Soil around and under the entrance section must be hand-tamped in 4-inch to 8-inch lifts to the top 

of the. dike to prevent piping failure around. the inlet. 
A Place filter cloth under the inlet and extend 5 feet in front of the inlet and be keyed in 6-inches on 

I . 

all sides. to prevent erosion. A 6-Jnch metal toe plate may also be. used for this purpose. . 
A Ensure firm cont/ilct between the pipe and the soil at all points by backfilling around and under the 

pipe with stable soil material hand cOlT)pacted in lifts of 4-inches to 8-inches. 
A Securely stake the PSD to the slope using grommets provided for this purpose at intervals of 10 feet 

or less.. " . 
A Ensure that all slope drain sections are securely fastened together and have watertight fittings. 
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, PIPE SLOPE DRAIN 

A Extend the pipe beyond the toe of the slope and di~charge at a nonerosive velocity into a stabilized 
area (e.g., rock outlet protection may be used) orto a sedimentation trap or pond. . 

A The PSD shot:lld have a minimum slope of 3 percent or steeper. 
A The height at the centerline of the earth dike sliould range from a minimum of 1 .0 foot over the pipe 

to twice the diameter of the pipe measured from the invert of the pipe. It should also be at least 
6 inches higher than the adjoining ridge on either side. 

A At no point along the dike will the elevation of the top of the dike be less than 6 inches higher than 
the top of the pipe. 

A Immediately stabilize all areas disturbed by installation or removal of the PSD. 

MaTntenance 

A Inspect regularly and after every storm. Make any necessary repairs. 
A Check to see that water is not bypassing the inlet and undercutting the inlet or pipe; If necessary, 

install headwall or sandbags. 
A Check for erosion at the outlet point and check the pipe for breaks or clogs. Install additional outlet 

protection if needed and immediately repair the breaks and clean any clogs. 
A Do not allow construction traffic to cross the PSD and do not place any mat~rial on it. 
A If a sediment trap has been provided, clean it out when the sediment level re;aches 1/3 to 1/2 the 

design volume. '.. 
A The PSD should remain in place until the slope has been completely stabilized or up to 30 days after 

permanent slope stabilization. 

A Pipe slope drain costs are generally based upon the pipe type and size (generally, flexible PVC at 
$5.00 per linear foot). Also adding to this cost are any expenses associated with inlet and outlet 
structures. 

Sources 

A Commonwealth of Virginia -, County of Fairfax, 1987. 1987 Check List For .Erosion And Sediment 
Control- Fairfax County, Virginia. 

A State of North carolina, 1988. Erosion and Sediment Control Planning and Design Manual. North 
Carolina Sedimentation Control Commission, Department of Natural Resources and Community 
Development. ' 

A Maryland Department ofthe Environment, 1991. 1991 Maryland Standards And Specifications For 
Soil Erosion And Sediment Control - Draft. . 

A Storm Water Management Manual for the Puget Sound Basin. State of Washington, Department 
of Ecology, 1991. 

A Cost Data: 

A Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990. Prepared 
by Kamber Engineering for the U.S. Environmental Protection Agency,· Office of Water 
Enforcement and Permits, Washington, D.C. 20460. 
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r---------~----------_;~F~ll~TE~R~FA~B~R~IC~IN~UIT~~P~R~O~TE~C~T~IO~N~----------------------~ 

September 1'992 

Design Criteria ,I 
.6. Inlet protection is appropriate in the following locations: 

.6. , In small drainage areas (less than 1 acre)' where the ,storm drain inlet is functional before the 
drainage area has been permanently stabilized . 

.6. Where there is danger of sediment silting in an inlet .which is in plac~ prior to permanent 
stabilization . 

.6. Filter fabric inlet protection is appropriate for most types of inlets where the drainage area is one 
acre or less . 

.6. The drainage area should be fairly flat with slopes of 5 '10 or less and the area immediately 
surrounding the inlet should not exceed a slope of 1 % . 

.6. Overland flow to the inlet should be no greater than 0.5 cfs . 

.6. This type of inlet protection is not appropriate for use in paved areas because the filter fabric 
requires staking . 

.6. To avoid failure caused by pressure against the fabric when overtopping occurs, it is recommended 
that the height of the filter fabric be limited to 1.5 feet above the crest of the drop inlet . 

.6. It is recommended that a sediment trapping sump of 1 to,~ feet in depth with side slopes of 2:1 be 
provided. 

I Materials 

.6. Filter fabric (see the fabric specifications for silt fence) . 

.6. Wooden stakes 2" x 2" or 2"x 4" with a minimum length of 3 feet . 

.6. Heavy-duty wire staples at least % inch in length • 

.6. Washed gravel * inches in diameter. 

Construction Specifications 

.6. Place a stake at each corner of the inlet and around the edges at no'more than 3 feet apart. Stakes 
should be,driven into the ground 18 inche,s or at a minimum 8 inches. ' 

.6. For stability a framework of wood strips should be installed around the stakes at the crest of the 
overflow area 1.5 feet above the crest of the drop inlet • 

.6. Excavate a trench of 8 inches to 12 inches in depth around the outside perimeter of the stakes. If 
a sediment trapping sump is being provided then the excavation may be as deep as 2 feet . 

.6. Staple the filter fabric to the wooden stakes with heavy-duty staples, overlapping the joints to the 
next stake. Ensure that between 12 inches to 32 inches of filter fabric extends at the bottom so 
it can be formed into the trench. ' 

.6. Place the bottom of the fabric in the trench and backfill the trench all the way around using washed 
gravel to a minimum depth of 4 inches. 
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_------------l FILTER FABRIC INLET ' PROTECTION 1------------.... 

Maintenance 

.a. Inspect regularly and after every storm. Make any repairs necessary to ensure the measure is in 
good working order. _ 

.a. Sediment should be removed and the trap restored to its original dimensions when sediment has 
accumulated to Y.z the design depth of the trap • 

.a. If the filter fabric becomes clogged it should be replaced immediately. 

... Make sure that the stakes are firmly in the ground and that,the filter fabric continues to be securely 
anchored • 

... All sediments removed should be properly disposed. 

... Inlet protection should remain in place and operational until the drainage area is completely stabilized 
or up to 30 days after the permanent site stabilization is achieved. ' 

... The cost of storm drain inlet protection varies dependent upon the size and type of inlet to be 
protected but generally is about $~OO.OO per inlet. 

Sources 

... Commonwealth of Virginia - County of Fairfax, 1987. 1987 Check List For Erosion And Sediment 
Control- Fairfax County, Virginia. 

... State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manual. Nor.th
Carolina Sedimentation Control Commission, Department of Natural Resources and Community 
Development. . 

.a. Maryland Department of the Environment, 1991. 1991 Maryland Standards And Specifications For 
Soil Erosion And Sediment Control - Draft. 

... Storm Water Management Manual for the Puget Sound Basin. State of Washington, Department 
of Ecology, 1991 • 

... Cost Data: 

... Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20; 1990. Prepared 
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water 
Enforcement and Permits, Washington, D.C. 20460. 
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EXCAVATED GRAVEL INLET PROTECTION 

September 1992· 

I, Design Criteria 

... Inlet protection is appropriate in the following locations: 

... ,In small drainage areas (Jess than 1 acre) where the storm drain inlet is functional before the 
drainage area has been permanently stabilized. , 

... Where there is danger of sediment silting in an inlet which is in place prior to permanent 
stabilization. 

... Where ponding around the inlet structure could be a problem to traffic on site. 

... Excavated gravel and mesh inlet protection may be used with most inlets where overflow capability 
is needed and in areas of heavy flows, O.5cfs or greater. ' 

... The 'drainage area should not exceed 1 acre. . 

... The drainage area should be fairly flat with slopes of 5% or less. 

... The trap should have a sediment trapping sump of 1 to 2 feet measured from the crest of. the inlet. 
, Side slopes should be 2:1. The recommended volume of excavatiori is35 yd3 /acre disturbed • 

... , To achieve maximum trapping efficiency the longest dimension of the basin should be oriented 
toward the longest inflow a~ea. , 

I Materials, 

... Hardware cloth or wire mesh with % inch openings. 

... Filter fabric (see the fabric specifications for silt fence) . 

... Washed gravel * inches to 4 inches in diameter. 

·1 Construction Specifications 

... Remove any obstructions to excavating and grading. Excavate sump area, grade slopes and' 
properly dispose of soil. 

... The inlet, grate should be secured to prevent seepage of sediment laden water. 

... Place wire mesh over the drop inlet so that the wire extends a minimum of 1 foot beyond'each side 
of the inlet structure. Overlap the strips of mesh if more than one is necessary. 

... Place filter fabric over the mesh extending it at least 18 inches beyond the inlet ~pening on all sides. 
Ensure that weep holesi., the inlet structure are protected by filter fabric and gravel. ' 

... Place stone/gravel over the fabric/wire mesh to a depth of at least 1 foot. 
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EXCAVATED GRAVEL INLET PROTECTION 

Maintenance 

A. Inspect regularly and after every storm. Make any repairs necessary to ensure the measure is in 
good working order. 

A. Sediment should be removed and the trap restored to its original dimensions when sediment has 
accumulated to % the design depth of the trap. 

A. Clean or remove and replace the stone filter or filter fabric if they become clogged. 
A. Inlet protection should remain in place and operational until the drainage area is completely stabilized 

or up to 30 days after the permanent site stabilization is achieved. 

~ 
A. The cost of storm drain inlet protection varies dependent upon the size and type of inlet to be 

,protected but generally is about $300.00 per inlet. 

Sources 

A. Commonwealth of Virginia - County of Fairfax, 1987. 1987 Check List For Erosion And Sediment 
Control - Fairfax County, Virginia. 

... State of North Carolina, 1988. Erosion and Sediment Control Planning' and Design Manual. North 
carolina Sedimentation Control Commission, Department of Natural Resources and Community 
Development. 

... Maryland Department of the Environment, 1991. 1991 Maryland Standards And Specifications For . 
Soil Erosion And Sediment Control - Draft. 

A. Storm Water Management Manual for the Puget Sound Basin. State of Washington, Department 
of Ecology, 1991. 

A. Cost Data: 

... Draft Sediment and Erosion, Control, An Inventory'of Current Practices, April 20, 1990. Prepared 
by Kamber Engineering, for the U.S. Environmental Protection Agency, Office of Water 
Enforcement and Permits, Washington, D.C. 20460. 
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BLOCK AND GRAVEL INLET PROTECTION 

September 1992 

Design Criteria 

- . 
... Inlet protection is appropriate in the following locations: . 

... In drainage areas (less than 1 acre) where the storm drain inlet is functional before the drainage 
area has been permanently stabilized. 

... Where there is danger of sediment silting· in an inlet which is. in place prior to permanent 
stabilization. 

... Block and gravel inlet protection may be used with most types of inlets where overflow capability 
is needed and in areas of heavy flows 0.5 cfs or greater . 

. ... ·The drainage area should not exceed 1 acre. . 
... The drainage area should be fairly flat with slopes of5 % or less . 
... To achieve maximum trapping efficiency the long·estdimension of the basin should be oriented 

toward the longest inflow area. . 
... Where possible the trap should have sediment trapping sump of 1 ·to 2 feet in depth with side slopes 

of 2:1-
.... There are several other types of inlet protection a/so used to prevent siltation of storm drainage 

systems and structures during construction, they are: 

... Filter Fabric Inlet Protection 
.... Excavated Gravel Inlet Protection 

I Materials 

... Hardware cloth or wire mesh with % inch openings 

... Filter fabric (see the fabric specifications for silt fence) 

... Concrete block 4 il'1ches to 12 inches wide. . 

.. Washed gravel * inches to 4 inches in diameter 

Construction Specifications 

... The inlet grate should be secured to prevent seepage of sediment laden water. 

... Place wire mesh over the drop inlet so that the wire extends a minimum of 12 inches to 18 inches 
beyond each side of the inlet structure. Overlap the strips of JTlesh if more than one is necessary. 

.. Place filter fabric (optional) over the me.sh and extend it at least 18. inches beyond the· inlet 
structure. 

... Place concrete blocks over the filter fabric in a single row lengthwise on their sides along the sides 
of the inlet. The foundation should be excavated a minimum of 2 inches below the crest of the inlet 
anQ the bottom row of blocks should be against the edge of the structure for lateral support. 

... The open ends of the block should face outward not upward and the ends of adjacent blocks should 
abut. Lay one block on each side of the structure on its side to allow for dewatering of the pool. 

... The block barrier should be at least 12 inches high and may be up to a maximum of 24 inches high 
and may be from 4 inches to 12 inches in depth depending on the size of block used .. 

... Prior to backfilling, place wire mesh over the outside vertical end of the blocks so that stone does 
not wash down the inlet. 

... Place g'ravel against the wire mesh to the top of the blocks. 
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BLOCK AND GRAVEL INlET PROTECTION 

Maintenance 

.... Inspect regularly and after every storm. Make any repairs necessary to ensure the measure is in 
good working order. 

.... Sediment should be removed and the trap restored to its original dimensions when sediment has 
accumulated to ~ the design depth of the trap. 

.... All sediments removed should be properly disposed of. 

.... Inlet protection should remain in place and operational until the drainage area is completely stabilized 
or up to 30 days after the permanent site stabilization is achieved. 

~ 
.... The cost of· storm drain inlet protection varies dependent upon the size and type of inlet to .be 

protected but g~nerally is about $300.00 per inlet. 

I Sources 

.... Commonwealth of Virginia - County of Fairfax, 1987. 1987 Check list For Erosion And Sediment 
Control - Fairfax County, Virginia. 

.... State of North Carolina, 1988. Erosion and Sedime'1t Control Planning and Design Manual. North 
carolina Sedimentation Control Commission, Department of Natural Resources and Community 
Development. 

.... Maryland Department of the Environment, 1991. 1 991 Maryland Standards And Specifications For· 
Soil Erosion And Sediment Control - Draft. 

.... Storm Water Management Manual for the Puget Sound Basin. State of Washington, Department 
of Ecology, 1991 • 

.... Cost Data: 

.... Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990. Prepared 
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water 
Enforcement and Permits, Washington, D.C. 20460. 
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TEMPORARY SEDIMENT TRAP 

September 1992 

I' Design Criteria 

.6. Temporary sediment tra'ps are appropriate in the following locations: 

.6. At 'the outlet of the perimeter controls installed during the first stage of COl1struction • 

.6. At the outlet of any structure which concentrates sediment-laden runoff, e~g. at the discharge 
point of diversions, channels, slope drains, or other runoff conveyances . 

.6. Above a storm water inlet that is in line "to receive sediment-laden runoff • 

.6. Temporary sediment traps may be constructed by excavation alone or by excavation in combination 
with an embankment . 

.6. Temporary sediment traps are often used in conjunction with a diversion .dike or swate., 
.6. The drainage area 'for. the sediment trap should not exceed S disturbed acres . 
.6. The trap must be accessible for ease of regular maintenance which is critical to its functioning 

properly. , , ' 
.6. Sediment traps are temporary measures and should not be planned to remain in place longer than 

between 18 and 24 months. ' 
.6. The capacity of the sedimentation pool should provide storage volume for 3,600 cubic feet/acre 

drainage area . 
.6. The outlet should be designed to provide a 2 foot settling depth and an additional sediment storage 

area 1 * feet deep at the bottom,of the trap. . ' 
'.6. The embankment may not. exceed Sfeet in height. 
... The recommended minimum width at the top of the embankment is between 2 feet and 5 feet. 
... The miriimumrecommended length of the weir is be~ween 3 feet and 4 feet, and the maximum is 

12. feet in length . 
.6. Table S illustrates the typical relationship between the embankment height, the height of the outlet 

(Ho), and the .width (W) at the top of the embankment. 

TABLE 5. EMBANKMENT HEIGHT vs. OUTlET HEIGHT AND WIDTH 

Materials . I 

1.S 
2.0 
2.S 
3.0 
3.5 
4.0 
4.5 
5.0 

... Filter fabric (see fabric requirement for silt fence) 

, . 

.6. Coarse aggregate or riprap 2.inches to 14 inches in diameter 

... Washed gravel 7' to.1 * inches in diameter 

.6. Seed and mulch for stabilization 
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TEMPORARY SEDIMENT TRAP 

Construction Specif!cations~ 

... Clear the area of all trees, brush, stumps or other obstructions. 

... Construct the embankment in 8 inch lifts compacting each lift with the appropriate earth moving 
equipment. Fill material must be free of woody vegetation, roots, or large stones. . 

... Keep cut and fill slopes between 3:1 and 2:1 or flatter. 

... Line the outlet area with filter fabric prior to placing stone or gravel. 

... Construct the gravel outlet using heavy stones between 6 inches and 14 inches in diameter and face 
the upstream side with a 12 inch layer of * inch to 1 Y.z inch washed gravel on the upstream side. 

... Seed and mulch the embankment as soon as possible to ensure stabilization. 

Maintenance 

... Inspect regularly and after every storm. Make any repairs necessary to ensure the measure is in 
good working order. 

... Frequent removal of sediment is critical to the functioning of this. measure. At a minimum sediment 
should be removed and the trap restored to its original volume when sediment reaches 11" of the 
original volume • 

... Sediment removed from the trap must be properly disposed. 

... Check the embankment regularly to make sure it is structurally sound. 

~ 
.A. Costs for a sediment trap vary widely based upon their size and the amount of excavation and stone 

required, they usually can be installed for $500 to $7,000. 

Sources 

.A. Commonwealth of Virginia - County of Fairfax, 1987. 1987 Check List For Erosion And Sediment 
Control - Fairfax County, Virginia • 

.A. State of North Carolina, 1988. Erosion and Sediment Control Planning and Design Manual. North 
Carolina Sedimentation Control Commission, Department of Natural Resources and Community 
Development • 

.A. Maryland Department of the Environment, 1991. 1991 Maryland Standards And Specifications For 
Soil Erosion And Sediment Control - Draft • 

.A. Storm Water Management Manual for the Puget Sound Basin. State of Washington, Department 
of Ecology, 1991 . 

.to Cost Data: 

... Draft Sediment and Erosion Control, An Inventory of Current Practices, April 20, 1990. Prepared 
by Kamber Engineering for the U.S. Environmental Protection Agency, Office of Water 
Enforcement and Permits, Washington, D.C. 20460. . 
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Appoodix F 

APPENDIX F 

TESTS FOR NON-STORM WATER DIS·CHARGES 
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AppendiK F 

TESTS FOR NON-STORM WATER DISCHARGES 

DYE TESTING 

Dye testing can be used to establish positively if certain facilities or fixtures are connected to a 
< storm· water collection system. The dye is simply introduced into the 'suspected waste stream, and 
storm water outfalls are examined for detections of the dye. Specially manufactured dyes are 
available for this type of testing. Check with your local sewer authoritY before conducting this 
test-dyes can be toxic and thus harmful to the municipal sewage treatment plant· 

Equipment 

Two types of safe and harmless but effective dyes are aV~ilable for dye testing. Powder in canS or 
containers is measured by a spoon or small dipper. Tablets of the dye are slower to dissolve than 
the powder form, but are less messy and are sometimes more desirable than the powder for this 
reason. The dye is the only piece of equipment needed. Regardless of the tYpe of dye, dissolve it 
in the flow. A tablet may sink into a sump or wet well and riot circulate with the usual flow. 

CAUTION: Some dyes may leave a stain if spilled. These stains can be very difficult to remove." 

Contact the water pollution control agency to determine if there are any regulations regarding the .. , ' ' 

use of dyes. 

Operation 

While one operator applies the dye to the suspected location, another operator maintains a watch 
at the next downstream manhole from the location. 

• Where a plumbing fixture is used, such as a water closet, bowl or basin, the water is turned 
on and the dye powder or tablet is dropped directly into the drain. 

• ,Where there is no immediate supply of water, such as a roof gutter or Storm drain in dry . 
weather, pouring a bucket of water with the dye powder is suggested. The amount of 
water and dye needed depends on the distance to the next manhole and the existing flow. 

• Based on the assumed velocity of flow, an estimate may be made of the expected flow time 
to the downstream manhole. Allow plenty of time because the dye often takes much longer 
than expected. 

• Use of powdered dye can be difficult and messy on a windy day. When the wind blows, 
either pre-mix the dye in water or enclose a quantity of the powder aye i~- either tissue or 
toilet paper. Wind can scatter a powdered dye, the dye is impossible to collect. Ti:le dye 
may.land on the property of nearby residents and businesses, and when wet, cause stains 
on buildings, autos, clothes, and landscaping. 

• When a number of dye tests are to be conducted on the same line or section of a sewer 
system, the dye testing should start at the facility farthest downstream and progressively 
work upstream for the other dye tests. Otherwise, if you dye the facilities upstream first, 
the flow is then contaminated with dye, and you then must wait several hours or. until the 
next day tocoliduct additional tests. '. 

• When tests are completed, record whether or not the service is connected to the sewer. 
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App6t7dix G 

APPENDIX G 

COMPARISON OF OTHER ENVIRONMENTAL PLANS 
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POTENTIALLY RELEVANT ELEMENTS OF OTHER FACiLITY ENVIRONMENTAL PLANS 

Preparedness Prevention Spill Control and NPDES Toxic Organic OSHA Emergency 

I 
Storm Water Pollution and COntingency Plan Countermeasures Management Plan- Action Plan 

Prevention· Plan (40 CFR 264 and 265) (40 CFR 112) (40 CFR 413, 433, 469) (29 CFR 1910) 

• Description of potential • Requires identification of • Requires prediction • Requires identification of • Requires list of 
. 

pollutant sources hazardous wastes of direction, rate of toxic organic compounds major workplace 
• Risk identification handled at the facility flow and total used fire and emergency 
• Material inventory and associated hazards quantity of oil that hazards I 

• Test for illicit connections could be discharged 

• Pollution prevention • Emergency coordinator • Designated person Not specifically addressed Not specifically 
planner or team under at facility or on call at all who is accountable addressed 
supervision of plant times to coordinate for oil spill prevention ,. 

manager emergency response. and who reports to I 

line management 

• Preventive maintenance • Requires that personnel e Requires appropriate • Requires method of disposal • Requires employer i 

program involved in hazardous spill prevention and used instead of dumping to control 
• Good housekeeping waste activities have , containment into drain be specified accumulations of 
• Spill prevention and access to emergency procedures • Procedures for assuring that. flammable" and 
.response procedures communication device toxic organics do not combustible waste 

• Site-specific storm water routinely spill or leak into • Maintain equipmeilt 
B~Ps wastewater and systems to 

• Activity-specific BMPs -, prevent accidental 
. . ignition of . 

combustible 
materials 

• Sediment and erosion .. • Maintain aisle space for • Appropriate • Specify method of disposal Not specifically 
centro I. movement of emergency containment and/or used instead of dumping addressed 

• Site-specific storm water equipment and personnel diversionary into drain 
BMPs • Specific requirements for structures or • Procedures for assuring that 

,. Activity-specific BMPs . storage tanks equipment (detailed toxic organics do not 
• BMPs for non-stormwater suggestions provid~d routinely spill or leak into' 

discharges in reg.) wastewater 
• Enclosure of salt storage • Security - including 

piles fences and gates, 
e Provide containment, locks for flow and 

drainage control, and/or drain valves and 
diversionary structures to pumps, and lighting 
prevent contamination of 
storm water discharges 
associated with industrial 
activity from facilities 
subject to EPCRA Section 
313 

• Security for EPCRA 
Section 313 facilities 

~ 

i 
)<' 
G) 

~LI ____________________________________________________________________________________ ~ 
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POTENTIALLY RELEVANT ELEMENTS OF OTHER FACILITY ENVIRONMENTAL PLANS (Continued) 

Requtred Pre,p,aredness PreventIon Spll(11 Contro,1 end NPDES ToxIc Orgen,lc OSHA Eme,rgency 
EI,ements of Storm Water Po,IMlon end Contingency Plan Counte,rm,fi),l'Jsures Maneg,ement Plan ActIon PJ8I1 

h 

I )(. 

Eech Plan Prevention Plan (40 CFR 264 and 265) (40 CFR 112, (40 CFR 413, 433, 469) (29 CFR 1910) G) 

Inspections • Routine visual inspection Not specifically addressed • Testing and inspection Not specifical'ly addressed Not specifically 
of designated equipment of pollution addressed 
and plant areas, including prevention/control 
materials handling, by equipment by ownerl I 

qualified plant personnel operator on a 
who will also develop scheduled, periodic 
procedures to ensure basis. 
follow up • Inspection's should be 

• Annual site inspection to in accordance with 
verify the accuracy of , written procedures 
pollutant source developed for the ' 
description, drainage map facility by the 
and controls owner/operator -

Employee • Training for employee at Not specifically addressed • Owners/operators are Not specifically addressed • Designate and 
Training all (evels in: responsible for properly train a sufficient 

- spill response training personnel on number of 
- good housekeeping applicable regulations persons to assist I 

- materials management and in the operation in safe 
• Specify periodic training and maintenance of evacuation 

dates' in plan equipment to prevent 
discharges 

• Owners/operators 
should schedule and 
conduct spill prevention 

, 

-briefings for operating 
personnel 

Coordinate • Facilities which discharge • Familiarize local police • Follow contingency Not specifically a~dressed Not specifically 
with Local storm water to large or and fire departments, plan provisions of 40 addressed 
Authorities medium municipal hospitals and emergency CFR 109 including 

separate storm sewer response teams consultation with State 
systems must comply - layout of facility and local governments 
with applicable conditions - properties of hazardous , I 

in municipal storm water wastes 
management programs - types of injuries 

• Coordinate 
arrangements for plan 
implementation 
authorities 
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POTENTIALLY R.ELEVANT ELEMENTS OF OTHER FACILITY ENVIRONMENTAL PLANS (Continued) 

Required 
. Storm Water Pollution 

Preparedness Prevention Spill Control and NPDES Toxic Organic OSHA Emergency 
Elements of and Contingency Plan Countermeasures Management Plan Action Plan 

Each Plan Prevention Plan (40 CFR 264 and 265) . (40 CFR 112) (40 CFR 413, 433, 469) (29 CFR 1910) . 

Emergency / . • Necessary equipment to • List describing • Appropriate Not specifically addressed • Alarm system 
Spill Response implement a spill clean up . emergency equipment containment and/or 
Equipment and its location: diversionary I 

-Internal structures or 
communications equipment 
(intercom or alarm) • If impractical, a 

- Immediately accessible written commitment 
line of communication of equipment and 
to summon emergency materials required to 
assistance (fire/police) expeditiously control 0. 

- fire extinguishers and remove any 
- water supplies harmful quantities of 
- decontamination oil discharged 

equipment 
~ spill control equipment 

• All equipment must be 
tested and maintained 

):a. 
'Q 

II ;c' 
Ci) 
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POTENTIALLY RELEVANT ELEMENTS OF OTHER FACILITY ENVIRONMENTAL PLANS (Continued) 

RequIred Prepa1r&<iness Prevention Spllill Control and NPDES Toxl,c Org~",l,c OSHA Eme,rgency 
Elements of Sto,rm Water PolluUon snd Contingency Plan Counte,rmeasures Management Plan Action Pisn 
Each Plan Prevention Plan (40 CFR 264 and 265) (40 CFR 112) (40 CFR 413, 433, 469) (29 CFR 1910) 

Notification! • Record spills and other • In case of imminent or • Written procedures for Not specifically addressed • Means of reporting 
Record discharges actual emergency and records of fires and other 
Keeping • Record storm water situation: inspections should be emergencies 
Procedures quality! quantity - activate alarms! made part of the I 

information communication SPCC and maintained 
• Document inspection and systems to notify for 3 years 

maintenance activities facility personnel • Detailed notification 
• Certify that discharge has - notify Statellocal requirements apply if 

been tested for the agencies a facility has a single 
presence of non-storm - identify the character, spill event of more 
water discharges or certify exact source, amount than 1000 gallons of 
where such testing is not and areal extent of oil or has discharged 
feasible release oil in harmful 

- assess hazards to quantities in two spill 
human health and the events within the last 
environment and 12 months 
respond 

- facilitate containment 
- coordinate clean up 
- submit incident report 

Evacuation Not specifically addressed • Evacuation plan Not specifically Not specifically addressed • Emergency escape 
Procedures describing: addressed routes 

- signals to begin • Procedures to 
evacuation account for all 

- primary and alternate employees 
routes • Procedures for 

employees who 
remain behind to 
perform critical 
functions 

! 

, 

I 

~ 
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POTENTIALLY RELEVANT ELEMENT$ OF OTHER FACILITY ENVIRONMENTAL PLANS (Continued) 

Required Preparedness Prevention Spill Control and NPDES Toxic Organic OSHA Emergency 
Elements of Storm Water Pollution and Contingency Plan Countermeasures Management Plan Action Plan 
Each Plan Prevention Plan (40 CFR 264 and 2651 (40 CFR 1121 (40 CFR 41.3, 433, 4691 (29 CFR 19101 

Plan Location! • Maintained at facility • Maintained at facUity • Maintain at facility if • Submitted to permitting • Plan shall be 
Distribution unless requested by the • Submitted to local facility is· normally authority for approval written and kept at 

director or the municipal police, fire; hospital, and attended at least 8 the workplace 
operator State and local hours per day or at unless there are 

emergency response nearest field office if fewer than 10 
teams not so attended employees, then 

oral 
communication is 
sufficient 

• Employer shall 
review the plan 
with each I 

.. employee covered· 
by the plan when: 
- Plan is initially" 

developed 
- Plan changes 
- Employee's 

I' responsibUity 
changes· 

Modification • Plan fails to control • Facilty permit revised . • By the Regional Not specifically addressed Not specifically 
of Plan pollutants in storm water • Plan fails during Adminstrator where addressed 

• Change in design,. emergency the plan does not 
i .. construction, operation or • Facility changes meet requirements or I 

maintenance • Emergency is necessary to .. 
• Requested by the director coordinator(s) change . prevent and contain . 

• Emergency equipment discharges of oil 
changes • By the - owner !operator: 

- change in facility 
- if warranted by 

. findings of 3 years 
evaluation _ 

)a. 

~ 
! g, 
~. 

C\') 
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POTENTIALLY RELEVANT ELEMENTS OF OTHER FACILITY ENVIRONMENTAL PLANS (Continued) 

Required Prepa,r&dness Prevention Sp,~111 Contro,1 and NPDES Toxic Org,an'c OSHA Emergency 
Elements of Storm Wate,r Po,lllutlon and Contingency Plan Counte,rmeasures Management Plan Action Pisn 
Each Plan Prevention Plan (40 CFR 264 snd 265) (40 CFR 112) (40 CFR 413, 433, 469) (29 CFR 1910) 

Certification • Certify that discharges Not specifically addressed • Plan must be No dumping of toxic organic Not specifically 
have been tested for the reviewed and certified compounds into the addressed 
presence of non-storm by a registered wastewater has occurred 
water discharges professional engineer and the approved TOMP is I 

• Plans must be signed and being implemented 
certified in accordance 
with 40 CFR 122.22 

• Spill prevention and 
response plan for facilities 
subject to EPCRA Section 
313 must be reviewed 
and certified every three 
·years by a registered· 
professional engineer 

h 
~ 
~ 
~ 
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LIST OF HAZARDOUS SUBSTANCES AND REPORTABLE QUANTITIES 
40 CFR 302.4 and 117 

Note: All comments are located at the end of this table. 

Statutory 
I 

RCRA 
Hazar~ous Substance CASRN Regulatory Synony.ms RQ Codet Waste II 

AceQaphthene. 83329 1· 2 

Aceriaphthylene 2089t)8 1· 2 

Acetaldehyde 76070 Ethanal 1000 1,4 Uool 

Acetaldehyde, chloro- 107200 Chloroacetaldehyde 1·' 4 P023 
, 

Acetaldehyde, trichloro- 76876 Chloral 1· 4 U034 . 

Acetamide, N- 691082 l-Acetyl-2-thiourea 1· 4 P002 
(aminothioxomethyl)-

Acetamide, N-(4-ethoxyphenyl)- 62442 . Phenacetin 1· 4 U187 

Acetamide, 2-fluoro- 640197 Fluoroacetamide 1· 4 P067 

Acetamide, N-9H-fluoren-2-yl- 53963 2-Acetylaminofluorene . 1· 4 U005 

Acetic acid 64197 .1000 1 

Acetic' acid .(2,4-dichlorophenoxy)- 94757 2,4-0 Acid 100 1,4 U240 
2,4-0, salts and esters 

Acetic Acid, lead(2 +) salt 301042 LeaQ acetate 6000 1,4 Ul44 

Acetic acid. thallium( 1 +) salt 663t)88 Thallium(l) acetate ,.. 4 U214 

Acetic acid (2.4,6- 93766 2.4.6-T 100 1,4 U232 
ttichlorophenoxyl- . 2.4.6-T acid 

Acetic acid. ethyl ester 141786 Ethyl acetate 1· 4 U112 

Acetic acid;.fluoro-, sodium salt 62748 Fluoroacetic acid. sodium salt 1· 4 P06S 

Acetic anhydride 108247 1000 f 
, 

Acetone 67641 2-Propanone 1· 4 U002 

Acetone cyanohydrin 75865 Propanenitrile, 2-hydroxy-2- .10 1,4 P069 
methyl-2-Methyllactonitrile 

Acetonitrile 75058 1· 4 U003 

Acetophenone 98862 Ethanone, 1-phenyl- 1· 4 U004 

2-Acetylaminofluorene 63963 Acetamide, N-9H-fluoren-2~yl- 1· 4 U006 

Acetyl bromide 506967 5000 1 

Acetyl chloride. 76366 6000 1,4 U006 

l-Acetyl-2-thiourea 691082 Acetamide, N- . 1· 4 P002 
(aminothioxomethyl)-

Acrolein 107028 2-Propenal 1 1,2,4 P003 

Acrylamide 79061 2-Propenamide 1· 4. U007 

September 1992 H-1 

ApPfNldixl 

Final RQ 
I 

Cate-
gory Pounds (Kg) 

B 100 (46.4) 

0 6000 (2270) 

C 1000 (464) 

C 1000 (464) 

0 6000 (2270) 

C 1000 (464) 

B 100 (46.4) 

B 100 (46.4) 

X 1 (0.464) 

0 5000 (2270) 

B 100 (46.4) 

# 

B 100 (45.4) 

C 1000 (464) 

0 6000 (2270)· 

A 10 (4.54) 

0 6000 (2270) 

0 5000 (2270) 

A 10 (4.54) 

0 5000 (2270) 

0 5000 (2270) 

X 1 (0.454) 

0 5000 (2270) 

0 6000 (2270) 

C 1000(454) 

X 1(0.454)' 

0 6000 (2270) 
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Appendix I 

Statutory Final RQ 

RCRA Cate-
Hazardous Substance - CASRN Regulatory Synonyms RQ Codet Waste II gory Pounds (Kg) 

Acrylic acid 79107 2-Propenoic acid 1· 4 U008 0 5000 {22701 

Acrylonitrile 107131 2-Propenenitrile 100 1,2,4 U009 B 100 (45.41 

Adipic acid 124049 5000 1 0 5000 (2270) 
, 

Aldlcarb 116063 Propanal, 2-methyl-2- 1· 4 P070 X 1 (0.454) 
(methylthiol-,O-I(methylamino) 
carbonyl)oxime 

Aldtin 309002 1 A,5,8-Dimethanonephthalene, 1 1,2.4 POO4 X 1 (0.454) 
1,2,3,4,10,10-10-hexachloro-
1 A,4a,5,8,8a-hexahydro-, 
(1 alpha,4alpha,4abeta,5alpha, -
8alpha,8abeta)-

Allyl .Icohol 107186 2-Propen-1-ol 100 1.4 P005 B 100 (45.4) 

Allyl chlorldo 107051 1000 1 C 1000 (454) 

Aluminum phosphide 20859738 1· 4 P006 B 100 (45.4) 

Aluminum Gulfate 10043013 5000 1 0 5000 (227.01 

6·(Amlnomathyl}-3-isoxazolol 2763964 Muscimol 3(2H)-Isoxazolone, 5- 1· 4 P007 C 1000 (454) 
(aminomethyl)-

4-AminopyrldinlJ 604246 4-Pyridinamine 1· 4 P008 C 1000 (464) 

Amitrola 61826 1 H-1 ,2,4-Triazol-3-an;line 1· 4 U011 A 10 (4.54) 

Ammonia 7664417 100 1 B 100 (46.4) 

Ammonium acetate 631618 6000 1 0 5000 (247O) 

Ammonium benzoate 1863634 6000 1 0 5000 (2270) 

Ammonium bicarbonate 1066337 6000 1 D. 5000 (2270) 

Ammonium bichromate . 7789095 1000 1 A 10 (4.54) 

Ammonium bifluoride 1341497 5000 1 B 100 (45.4) 

Ammonium bisulfite 10192300 6000 1 0 5000 (2270) 

Ammonium carbamate 1111780 5000 1 0 5000 (2270) 

Ammonium carbonate 606876 5000 1 o ~ 5000 (2270) 

Ammonium chloride 12125029 5000 1 0 5000 (2270) 

Ammonium chromate 7788989 1000 1 A 10 (4.54) 

Ammonium citrate, dlbasic 3012655 5000 1 0 5000 (2270) 

Ammonium fluoborate 13826830 5000 1 0 5000 (2270) 

Ammonium fluo·ride 12125018 5000 1 B 100 (45.4) 

Ammonium hydroxide 1336216 1000 1 C 1000 (454) 

Ammonium oxalate 60097-07 6000 1 0 6000 (2270) 

H-2 September 1992 
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Appendix I 

Statutory Final RQ 

RCRA Cata--Hazardous Substance CASRN Regulatory Synonyms RQ Collet Waste II gory Pounck (Kg) 

6972736 6000 1 D 6000 (2270) 

.14268492 6000 1 D 5000 (2270) 
" 

Ammonium picrate 131748 Phenol~ 2,4,6-trinitro-, ammonium 1· 4 P009 A 10 (4.54) 
salt 

Ammonium silicofluoride 16919190 1000 1 C 1000 (464) 
.' 

Ammonium sulfamate 7773060 5000 1 D 6000 (2270) 

Ammonium sulfide 121367~H 6000 1 B 100 (46.4) 

Ammonium sulfite 10.196040 5000 1 0 5000 (2270) 

Ammonium tartrate 14307438 6000 1 D 6600 (2270) 

3164292 6000 1 D 6000 (2270) 

Ammonium thiocyanate 1762964 6000 1 D 5000 (2270) 
. 

Ammonium vanadate 7803666 Vanadic acid, ammonium salt 1· 4 P119 C 1000 (464) 

Amyl acetate 628637 1000 1 D 6000 (2'270) 

iso-Amyl acetate 123922 1000 1 D 5000 (2270) 

. sec-Amyl acetate 626380 1000 1 D 6000 ~2270) 

tert-Amyl acetate 626161 1000. 1 D 6000 (2270) 

Aniline 62633 Benzenamine 1000 1,4 U012 0 6000 (2270), 

Anthracene ,. 120127 1· 2 D 6000 (2270) 

Antimonytt 7440360 1· 2 D 6000 (2270) 

ANTIMONY AND COMPOUNDS N/A 1· 2 •• 

Antimony pentachloride 7647189 1000 1 C 1000 (464) 

Antimony potassium tartrate 28300746 1000 1 B 100 (45.4). 

, Antimony tribromide 7789619 1000 1 C 1000 (464:) 

Antimony trichloride 10026919 1000 1 C 1000 (464) 

Antimony trifluoride 7783564 1000 1 C 1000(454) 

Antimony trioxide 1309644 6000 1 C 1000 (464) 

Argentate(l-), bis(cyano-C)-, 606616 Potassium silver cyanide, 1· 4 P099 X 1 (0.464) 
potassium 

Aroclor 1016 12674112 POLYCHLORINATED BIPHENYLS 10 1,2 X 1 (0.454) 
(PCBs) 

Aroclor 1 221 11104282 POLYCHLORINATED BIPHENYLS 10 1,2 X 1 (0.454) 
, , (PCBs) 

Aroclor 1 232 11141166 POLYCHLORINATED BIPHENYLS 10 1,2 X 1 (0.454) 
(PCBs) 

September 1992 H-3 
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Appqndixl 

Statutory FinalRQ 

RCRA Cate-
Hazardous Substance - CASRN Regulatory Synonyms RQ Codet Wast. II gory Pound. (Kgl 

Atoclor 1242 63469219 POLYCHLORINATED BIPHENYLS 10 1,2 X 1 (0.464) 
(PCBs) -

Aroclor 1248 12672296 POLYCHLORINATED BIPHENYLS 10 1,2 X ,1 (0.464) 
(PCBs) 

Aroclor 1264 11097691 POLYCHLORINATED BIPHENYLS 10 1,2 X 1. (0.464) 
(Pc:::Bs) 

Aroclor 1260 11096826 POLYCHLORINATED BIPHENYLS 10 ·1,2 X 1 (0.464) 
(PCBs) 

AtlOnictt 7440382 1· 2,3 X 1 (0.464) 
. I 

Atlllnie acid 1327622 Arsenic acid H3As04 1· 4 P010 X 1 (0.464) 

7778394 

Arsenic acid H3As04 1327622 Arsenic acid 1· 4 P010 X 1 (0.464) 

7778394 1· 4 P010 X 1(0.464) 

ARSENIC AND COMPOUNDS N/A 1· 2 •• 

Arsenic disulfide 1303328 6000 1 X 1 (0.464) 

ArsonIc oxido As203 1327633 Arsenic trioxide 6000 1,4 P012 X ; (0.464) 

ArsonIc oxide As206 1303282 Arsenic pentoxide 6000 1,4 P011 X 1 (0.464) 

Arsonic pontoxlde 1303282 Arsenic oxide As206 6000 1,4 P011 X 1 (0.464) 

AtunTo trichloride 7784341 6000 1 X 1 (0.464) 

Atao,nle trioxide 1327633 Atsenic oxide As203 6000 1,4 P012 X 1 (0.464) 

Arsonic trlsulfide 1303339 6000 1 X 1(0.464) 

Aralna, diethyl- 692422 Diethylarsine 1· 4 P038 X 1 (0.464) 

Attlolc acid, dimethyl- 76606 Cacodylic acid 1· 4 U136 X 1 (0.464) 

Atsonous dichloride, phenyl- 696286 Dichlorophenylarsine 1· 4 P036 X 1 (0.454) 

Asboltosttt 1332214 1· 2,3 X 1 (0.464) 

Auramino 492808 Benzenamine, 4,4'- 1· 4 U014 B 100 (46.4) 
carbonimidoylbis (N,N-dimethyl-

Azaserine 116026 L-Serine, diazoacetate (ester) 1· 4, U016 X 1 (0.454) 

Azirldino 161664 Ethylenimine 1· 4 P064 X 1 (0.464) 

Azirldlno, 2·mothyl- 76668 1,2-Propylenimine 1· 4 P067 X 1 (0.464) 

Azirino[2' ,3':3,4)pyrrolo[1,2- 60077 Mitomycin C 1· 4 U010 A 10 (4.64) 
allndole-4,7-diono,6-amino-8- '. 
II(amlnocllrbonylooxy]methyJ)-
1,1a,2,8,8a,8b-hexahydro-8a-
methoxy-6-methyl-,[1eS- . 
(1alllpha,8bota,8alllphll,8balpha))-

H-4 September 1.992 
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Appt1l1dix I , 

I 

Statutory Final RQ 

- CASRN 
RCRA Cate-

Hazardous Substance Regulatory Synonyms RQ Cadet 'Wutell gory Paun" (Kg) 

Barium cyanide 642621 10 1,4 POf3 A 10 (4.64) 

Benz[j]aceanthrylene, 1,2-dihydro- .56495 3-Methylcholanthrene 1· 4 U157 A 10 (4.64) 
3-methyl-

Benz(c)acridine 226614 1· 4 U016 ,B 100 (45.4) 

Benzal chloride .98873 Benzene, dichloromethyl- 1· 4 U017 0 5000(2270)' 

Benzarrlide, 3,5-dichloro-N-( 1,1- 23950585 Pronamide 1· 4 U192 D 6000 (2270) 
dimethyl-2-propynyl)-

Benz[a]anthracene 56553 Benzo[a]anthracene 1· 2,4 U018 A 10 (4.54) 
, 1 ,2-Benzanthracene -

, 

1,2-Benzanthracene 56553 Benz[a]anthracene 1· 2,4 U018 A 10 (4.64) 
. Benzo[a]anthracene 

Benz[a]anthracene, 7, 12-dimethyl- 57976 7,12-Dimethylbenz[a)anthr:acene 1· 4 U094 X 1 (0.464) 

Benzenamine 62633 Aniline 1000 1,4 . U012 D 5000 (22701 

Benzenamine,4,4'- 492808 Auramine ,. 4 U014 B 100 (46.4) 
'carbonimidoylbis (N,N-dimethyl-

Benzenamine, 4-chloro- 106478 p-Chloroaniline' 1· 4 P024 C 1000 (4641 

'Benzenamine, 4-chloro-2-methyl-, 3166933 4-Chloro-o-toluidine, hydrochloride 1· 4 U049 B 100 (45.4) 
hydrochloride , 

Benzenamine, N,N~dimethyl- 60117 p-Dimethylaminoazobenzerie 1· 4 U093 A 10 (4.64) 
4(phenylaza-) 

Benzenamine, 2-methyl- 96634 0-Toluidine 1· 4 U328 B 100 (46.41 

Benzemimine, 4-methyl- 106490 p-Toluidine 1· 4 U353 B 100 (46.41 

Benzenamine,4,4'-methylenebis(2- 101144 4,4' ·Methylenebis(2-chloroaniline) 1· 4 U1'58 A 10 (4.64) 
.chloro-

Benzenamine, 2-methyl-, 636215 o-Toluidine hydrochloride 1· 4 U222 B 100 (45.4) 
hydrochloride 

Benzenamine, 2-methyl-5-nitro 99558 5-Nitro-o-toluidine 1· 4 U181 B 100 (45.4) 

Benzenamine, 4-nitro- 100016 p-Nitroaniline , 1· 4 P077 0 5000 (2270) 
'. -

Benzene 71432 1000 1,2, U109 A 10 (4:641 . 
3,4 

. Bem:eneacetic acid, 4-chloro- 510156 Chlorobenzilate 1· 4 U038 A 10 (4.64) 
alpha-(4-chlorophenyl)-alpha-
hydroxyc, ethyl ester 

. Benzene, 1-bromo-4-phenoxy. 10;663 . 4-Bromophenyl phenyl ether 1· 2,4 U030 B 100 (46AI 

Benzenebutanoic acid, 306033 Chlorambucil 1· 4' U036 A 10 (4.54) 
4-[bis(2-chloroethyl)arnino]-

Benzene, chloro- 108907 Chlorobenzene 100 1,2,4 U037 B 100 (46.4) 
\ 

Benzene, chloromethyl- 100447 Benzyl chloride 100 1,4 P028' B 100 (46.4) 

Seiltember 1992 H-5 
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ApPMdix I 

Statutory FinalRQ 

- RCRA C.ate-
Hazardous Substance CASRN Regulatory Synonyms RQ Codet Waste II gory Poundil IKg) 

. 
Banzonediamin, ar-mothyl- - 96807 Toluenediamine 1· 4 U221 A 1014.64) 

496720 1· 4 U221 A 10 (4.64) 

823406 1· 4 U221 A 10 (4.64) 

1,2·Bonunodlcarboxyllc acid, 117840 Di-n-octyl phthalate 1· 2,4 U107 D 6000 (2270) 
dioctyl IIstor 

1,2-Boozonedicarboxyllc acid, 117817 Bis (2-ethylhexyl)phthalate 1· 2,4 U028 B 100 (46.4) 
lbis(2-othylhexyl))-estor Diethylhexyl phthalate 

1,2-Boozonodicarboxylic acid, 84742 Di-n-butyl phthalate 100 1,2,4 U069 A 10 (4.64) 
dibutyl estor . Dibutyl phthalate -

n-Butyl phthalate 

1,2-Bonzenodicarboxylic acid, 84662 Dlethyl' phthalate 1· 2,4 U088 C 1000 (464) 
dlothyl ostar 

1,2·Bonzenedlcarboxyllc acid, 131113 Dimethyl phthalate 1· 2,4 U102 D 6000 (2270) 
dimethyl ostor 

Boozeoo, 1,2·dichloro- 96601 o-Dichlorobenzene 100 1,2,4 U070 B 100 (46.4) 
1,2-Dichlorobenzene 

Blln20na, 1,3-dlchloro- 641731 m-Dichlorobenzene 1·, 2,4 U071 B 100 (46.4) 
1,3-Dichlorobenzene 

Boozene, 1,4-dichloro- 106467 p-Dichlorobenzene 100 1,2,4 U072 B 100 (45.4) 
1 ,4-Dichlorobenzene 

Beozene, 1,1'-(2,2- 72548 DDD 1 1,2,4 U060 X 1 (0.464) 
dichloroethylidano)bis[4-chloro- TDE 

4,4' DDD 

Boozene, dlchloromethyl- 98873 Benzal chloride 1· 4 U017 D 5000(2270) 

Boozeno, l,3·diisocyamltomathyl- 584849 Toluene diisocyanate 1· 4 U223 B 100 (46.4) 

91087 1· 4 U223 B 100 (46.4) 

26471626 1· '4 U223 B 100 (46.4) 

Boozene, dimethyl 1330207 Xylene (mixed) 1000 1,4 U239 C 1000 (464) 

m·Bonzene, dimethyl 108383 m-Xylene J 1000 1,4 U239 C ' 1000 (464) 

o-Bonzeno, dimethyl 96476 o-Xylene , 1000 1,4 U239 c 1000 (464) 

p-Benzen8, dimethyl 106423 p-Xylene 1000 1,4 U239 C 1000 (464) 

1,3·Bonzenodiol 108463 Resorcinol 1000 1,4 U201 D 6000 (2270) 

1,2·Boozenodiol,4-[1-hyclroxy-2- 61434 Epinephrine 1· 4 P042 C 1000 (464) 
(mothyl4mlno)ethyl]-

Boozonoothllnllmlne, alpha,alpha- 122098 alpha,alpha- 1· 4 P046 D 6000 (2270) 
dimethyl- Dimethylphenethylamine 

Bonzona, hexachloro- 118741 Hexachlorobenzene 1· 2,4 U127 A 10 (4.64) 

80.n20no, hexahydro- 110827 Cyclohexane 1000 1,4 U066 C 1000 (464) 
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Benzene, hydroxy- 108962 Phenol 1000 1,2,4 U188 C 1000 14M} 

Benzene, methyl- .108883 Toluene 1000 1,2,4 U220 C 1000 (464) 

Benzene, 2-methyl-1,3-dinitro':' 606202 2,6-oinitrotoluene 1000 1,2,4 U106 B 100 (46.4), 

Benzene, 1-methyl-2,4-dinitro- 121142 2,4-oinitrotoluene 1000 1,2,4 U106 A 10 (4.64) 

Benzene, 1-methylethyl- '98828 Cumene 1· 4 U066 0 6000 (2270) 

Benzene, nitro- 98~63' Nitrobenzene 1000 1,2,4 U169 C 1000 (464) 

Benzene, pentachloro- 608936 Pentachlorobenzene ,. 4 U183 A 10 (4.64) 

Benzene, pentachloronitro- 82688 Pentachloronitrobenzene (PCNB) ,. 0 

4 'U186 'B 100 (46.4) 

Benzenesulfonic acid chloride 98099 Benzenesulfonyl chloride 1· 4 U020 B 100 (46.4) 

Benzenesulfonyl chloride 98099 Benzenesulfonic acid chloride 1· 4 U020 B 100 (46.4) 

Benzene, 1,2,4,6-tetrachloro- 96943 '1,2,4,6-Tetrachlorobenzene ,. 4, U207 0 5000 (2270) 
, 

Benzenethiol 108986 Thiophenol 1· 4 P014, B 100 {45.4} 

Benzene, 1,1' -(2,2,2-tri- 60293 DDT 1 1,2,4 U061 X, , 1 (0.454) 
chloroethylidene) bis[ 4-chloro~ 4,4'ooT 

Benzene, 1,1' -{trichloroethylidene} 72436 Methoxychlor 1 1,4 U247 X 1 (0.464) 
bis[ 4-methoxy-

Benzene, (trichloromethyl)- 98077 Benzotrichloride 1· 4 U023 A 10 (4.54) . 
Benzene, 1,3,6-trinitro- 99364 1,3,5-Trinitrobenzene 1· 4 U234 A 10 (4.554) 

Benzidine 92875 ' (1,1' -Biphenyl)-4,4' diamine 1· 2,4 U021 X 1 (0.464) 

1,2-Benzisothiazol-3(2H)-one, 1,1~ 81072 Saccharin and salts 1· ,4 U202 B 100 (46.4) 
dioxide 

Benzo(a]anthracene 56663 Benz[a)anthracene ,. 2,4 U018 A 10 (4.64) 
1,2-Benzanthracene 

Benzo[b)fluoranthene 206992 ,. 2 X 1 (O.464) 

Benzo(k)fluoranthene 207089 ,. 2 0 6000 (2270) 

Benzo[j, k)fluorene 206440 Fluoranthene ,. 2,4 U120 B 100'{46.4) 

1 ,3-Benzodioxole, 6-11-propenyl}- 120681 Isosafrole ,. 4 U141 B 100 (46.4) 

1,3-Benzodioxole, 5-(2-propenyl)- 94697 Safrole ,. 4 U203 B 100 (46.4) 

1,3-Benzodioxole, 6-propyl- 94686 oihydrosafrole ,. 4 U090 A 10 (4.64) 

Benzoic acid 66860 6000 1 0 6000 (2270) 

Benzonitrile 100470 1000 1 0 5000 (2270) , . 
Benzo[rst)pentaphene 189669 Qibenz[a,i)pyrene ,. 4 U064 A 10 (4.64) 

Benzol ghi)perylene 191242 ,. ·2 0 5000 (2270) 
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2H-1 Benzopyran-2-one,4- 81812 Warfarin, & salts, when present at ,. 4 P001 B 100 146.4) 
hydtoxy-3-(3·oxo-1-phenyl-butyl}-, concentrations greater than 0.3% 
& salts, when present at 
concentrations greater than 0.3% 

Bonzo,[a)pyrane 60328 3,4-Benzopyrene ,. 2,4 U022 X 1 {O.464} 

3,4-Banzopyrene 60328 Benzo[a)pYI'ene ,. 2,4 U022 X 1 (0.464) 

p-Banzoqolnone 106614 2,6-Cyclohexadiene-1,4-dione ,. 4 U197 A 1-014.64} 

Bonzotrlchloride 98077 Benzene, (trichloromethyl)- ,. 4 U023 A 10 (4.64) 

Bonzoyl chloride 98884 1000 - 1 C 1000 (464) 

1,2·Bonzphanenthrene 218019 Chlysene ,. 2,4 U060 B 100 (46.4) 

Banzyt chloride 100447 Benzene, chloromethyl- 100 1,4 P028 B 100 146.4) 

BOfYlliumtt 7440417 BefYllium dust tt ,. 2,3;4 P016 A 10 (4.64) 

BERYLUUM AND COMPOUNDS N/A ,. 2 .. 
BOfYllium chloride 7787476 6000 1 X 1 (0.464) 

BOfYlUum dustt t 7440417 BefYlliumtt ,. 2,3,4 P016' A ~O (4.64) 

BOfYIllum fluoride 7787497 6000 1 X 1 (0.464) 

BOfYllium nitrate 13697994 6000 1 X 1 (0.464) 

7787666 6000 1 X 1 (0.464) 

alpha-SHC 319846 ,. 2 A 10 (4.64) 

blta-BHC 319867 ,. 2 X 1 (0.464) 

dolts·BHC 319868 ,. 2 X 1 (0.464)' 

gamme-BHC 68899 Cyclohexane, 1,2,3,4,6,6- 1 1,2,4 U129 X 1 (0.464) 
hexachloro-,( 1 alpha,2alpha,3beta, 
4alpha,6alpha,6 beta}-
Hexachlorocyclohexane (gamma 
isomer) 
Undane 

2,2' -Bioxirane 1464636 1,2:3,4-Diepoxybutane ,. 4 U086 A 10 (4.54) 

(1, l' ·Biphanyll-4,4'diamine 92876 Benzidine ,. 2,4 U021 X 1 10.464) 

(1 f 1'·Blphenyl)- 91941 3,3' -Dichlorobenzidine ,. 2,4 U073 X 1 (0.464) 
4,4'dlomlne,3,3'dichloro-

{1,1 '-Blphanyll- 119904 3,3' -Dimethoxybenzidine ,. ,4 U091 B 100 (46.4) 
4,4'diamlne,3,3'dimethoxy-

(1,1'·BiphonylJ-4,4'-diamine,3,3'- 119937 3,3'-Dimethylbenzidine ,. 4 U096 A 10 (4.64) 
dfmathyl-
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Sis (2-chloroethyll ether ' 111444 ,Dichloroethyl ether 1 • 2,4 U025 A 10 (4.54) 
Ethane, 1,1' -oxybis[2-chloro-

Sis(2-chloroethoxy) methane 111911 Oichloromethoxy ethane " 1· 2,4 U024 C 1000,(454) 
Ethane, 1,1' -[methylenebis(oxy)J 
bis(2-chloro-

Sis (2-ethylhexYl)phthalate 117817 Diethylhexyl' phthalate 1· 2,4 U028 B 100 (45.4) 
1,2-Benzenedicarboxylic acid, 
[bis(2-ethylhexyll) ester 

Bromoacetone 598312 2-Propanone, 1-bromo- 1· 4 Po17 C 1000 (454) 

Bromoform 76262 Methane, tribromo 1· - 2,4 U226 B 100,(45:4) 

4-Bromophenyl phenyl ether ' 101563 Benzene, 1-bromo-4-phenoxy- 1· 2,4 U030 B 100 (45.4) 

Brucine 357573 'Strychnidin-10-one, 2,3- 1· 4 P018 B 100 (46.4) 
dimethoxy-

1,3-Butadiene, 1; 1,2,3,4,4- 87683 Hexachlorobutadiene 1· 2,4 U128 X 1 (0.464) 
hexachloro-

1, -Butanamine, N-butyl-N-nitroso- 924163 N-Nitrosodi-n-butylamine 1· 4 U172 A 10 (4.64) 

1~Butanol 71363 n-Butyl alcohol 1 • 4 U031 D 5000 (2270) 

2-Butanone 78933 Methyl ethyllcetone (MEK) 1· 4 U159 D 5000 (2270) 

2-Butanone peroxide 1338234 Methyl ethyllcetone peroxide , 1· 4- U160 A 10 (4.54) 

2 Butanone, 3,3-dimethyl-l- 39196184 Thiofanox 1· 4 P045 S 100 (46.4) 
(methylthio)-, O[(methylamino) 
carbonyl) oxime. 

2~Butenal 123739 Crotonaldehyde 100 1,4 U053 B 100 (45.4) 

4170303 

2-Butime, 1,4-dichloro- 764410 1,4-Dichloro-2-butEme 1· 4 U074 X 1 (0.454) 

2-Butenoic aCid, 2-methyl, 7[[2,3- 303344 Lasiocarpine 
: 1· 4 U143 A , 10 (4.54) 

dihydroxy-2-( l-methoxyethyll-3-
methyl-l-oxobutoxy)methyl)-
2,3,5, 7a-tetrahydro-l H-pyrrolizin-
1-ylester, [1 S-[ 1 alpha(Z), 
7(2S· ,3R·), 7aalphaJl-

Butyl acetate 123864 5000 1 D 5000 (2270) 

iso-Butyl acetate ,110190 6000 1 D 5000 (2270) 

sec-Butyl acetate 105464 5000 1 D 5000 (2270) 
, 

tert-Butyl acetate 540886 5000 1 D 5000 (2270) 

n-Butyl alcohol 71363 l-Butanol 1· 4 l,I031 D' 5000 (2270) 

Butylamine 109739 1000 1 C .. 1000 (454) 

iso-Butylamine 78819 1000 ' 1 C' 1000 (464) 
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Hazardous Substance - CASRN Regulatory Synonyms RQ Codet Pounds (Kg) Wutell gory 

soc·Botylemine 613496 1000 1 C 1000 (464) 

13962846 1000 1 C 1000 (464) 

telt-Butylamine 76649 1000 1 C 1000 (464) 

Butyl banzyl phthalate 86687 1· 2 B 100 (46.4) 

n-Butyl phthnlete 84742 Di-n-butyl phthalate 100 1,2,4 U069 A. 10 (4.64) 
Dibutyl phthalate 
1,2-Benzenedicarboxylic acid, 
dibutyl ester 

"-

Butyrlo acid 107926 6000 1 D 6000 (2270) 

iso-Butyric acid 79312 

Crtcodylie ecid 76606 Arsinic acid, dimethyl- 1· 4 U136 X 1 (0.464) 

Cadmiumtt 7440439 1· 2 A 10 (4.64) 

Cadmium acetate 643908 100 1 A 10 (4.64) 

CADMIUM AND COMPOUNDS NfA 1· 2 •• 

Cadmium bromide 7789426 100 1 A 10 (4.64) 

Cadmium chloride 10108642 100 1 A 10 (4.54) 

Calcium arllenete 7778441 1000 1 X 1 (O.454) 

Calcium arsenite 62740166 ,1000- 1 X 1 (0.454) 

Calcium cerbide 76207 6000 1 A 10 (4.64) 

Calcium chromete 13765190, Chromic acid H2Cr04, calcium salt 1000 1,4 U032 A 10 (4.54) 

Calcium cyanide 692018 Calcium cyanide Ca(CN)2 10 1,4 P021 A 10 (4.54) 

Calcium cyanida Ca(CN)2 692018 Calcium cyanide 10 1,4 P021 A· 10 (4.54) 

Calcium dodecylbenzenesulfonate 26264062 1000 1 C 1000 (464) 

Calcium hypochlorite 7778643 100 1 A 10 (4.64) 

Camphene, octechloro- 8001362 Toxaphene 1 1,2,4 P123 X 1 (0.454) 

Captan 133062 10 1 A 10 (4.64) 

Carbamic 8cld, ethyl ester 61796 Ethyl carbamate (urethane) 1· 4 U238 B 100 (46.4) 

Carbtlmlc 8cld, methylnitroso-, 616632 N-Nitroso-N-methylurethane 1· 4 U178 X 1 (0.454) 
ethyloatcr 

Carbtlmic chloride, dimethyl- 79447 Dimethylcarbamoyl chloride 1· 4 U097 X 1 (0.464) 

Carbamodithloic acid, 1,2- 111646 Ethylenebisdithiocarbamic acid, 1· 4 U114 D 5000 (2270) 
ethanedlylbia, salta & esters salts & esters 

t-
Carbamothioic acid, bis(1- 2303164 Diallate 1· 4 U062 B 100 (46.4) 
mothylothylJ-, S;(2,3-dich-loro-2-
propenyl) ester 
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Carbaryl 63262 100 1 B 100 (46.4) 

Carbofuran 1663662 10 . 1 A 10 (4.54} . 
Carbon disulfide 76160 6000 1,4 P022 B 100 (46.4) 

Carbon oxyfluoride 363604 Carbonic difluoride 1· 4 U033 ' C 1000 (464) 

Carbon tetrachloride 66236 Methane, tetrachloro- 6000 1,2,4 U211 A 10 (4.64) 

Carbonic acid, dithallium(l +) salt 663739 Thallium(l) carbona,te 1· 4 U216 B 100 (46.4) 

Carbonic dichloride 76446 Phosgene 6000 1,4 P096 A 10 (4.54) 

-
Carbonic difluoride 363604 Carbon oxyfluoride 1· 4 U033 C 1000 (464) 

Carbonochloridic acid, methyl ester 79221 Methyl chlorocarbonate 1· 4 U166 C 1000 (464) 
Methyl chlorofo.rmate 

Chloral 76876 Acetaldehyde, trichloro- 1· 4 U034 0 6000 (2270) 

Chlorambucil 306033 Be.nzenebutanoic acid, 4-[bis(2- . ,1· 4 U036 A 10 (4.64) 
chloroethyl)aminoJ-

Chlordane 57749 Chlordane, alpha & gamma 1 1,2,4 U036 X 1 (0.454) 
isomers 
Chlordane, technical 
4, 7-Methano-l H~illdene, 
1,2,4,6,6,7,8,8-octachloro-
2,3,3a,4, 7, 7a-hexahydro-

CHLORDANE (TECHNICAL N/A 1· 2 .. 
MIXTURE AND METABOLITES) 

I 

Chlordane, alpha & gamma 67749 Chlordane 1 1,2,4 U036 X 1 (0.454) 
isomers Chlordane, technical 

4, 7-Methano-l H-indene, 
1,2,4,6,6,7,8,8-octachloro-
2,3,3a,4, 7, 7a"hexahydro-

Chlordane, technical 57749 Chlordane 1 1,2,4 U036 X ·1 (0.454) 
Chlordane, alpha & gamma 
isomers 
4,7 -Methano-1 H-indene, 
1,2,4,5,6,7,8,8-octachloro-. 

, 2,3,3a,4, 7, 7a-hexahyrdo-

CHLORINATED BENZENES N/A 1· 2 •• 

CHLORINATED ETHANES N/A 1· 2 •• 

CHLORINATED NAPHTHALENE N/A 1· 2 •• 

CHLORINATED PHENOLS N/A 1· 2 .. 
Chlorine 7782606 10 1 A· 10 (4.64) 

Chlornaphazine 494031 Naphthitlenamine, N,N' -bis(2- 1· 4 U026 B 100 (45.4) 
chloroethyl)-

Chloroacetaldehyde 107200 Acetaldehyde, chloro- 1·' 4 P023 C 1000 (454) 
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CHLOROALKYL ETHERS N/A 1* 2 ** 

p.Chloroanl'linfl 106478 Benzenamine, 4-chloro- 1* 4 P024 C 1000 (464) 

Chlorobenzana 108907 Benzene, chloro- 100 1,2,4 U037 B 100 (46.4) 

Chlorobonzilate 610166 Benzeneacetic acid, 4-chloro- 1* 4 U038 A 10 (4.64) 
alpha-(4-chloro·phenyl}-alpha-
hydroxy-, ethyl ester 

4-Chloro-m-oresol 69607 p-Chloro-m-cresol 1* 2,4 U039 D 6000 (2270) 
Phenol, 4-chloro-3-methyl 

p·Chloro-m-cresol 69607 Phenol, 4-chloro-3-methyl- 1* -2,4 U039 D 6000 (2270) 
4-Chloro-m-cresol 

Chlorodibromomathane 124481 1* 2 B 100 (~6.4) 

Chloroothane 75003 1* 2 B 100 (46.4) 

2·Chklroethy'l vinyl ethar 110768 Ethane, 2-chloroethoxy- 1* 2,4 U042 C 1000 (464) 

Chloroform 67663 Methane, trichloro- 6000 1,2,4 U044 A 1014.541 

Chloromothyl methyl ether 107302 Methane, chloromethoxy- 1* 4 'U046 A 10 (4.64) 

bota.Chloronaphthalena 91587 Naphthalene, 2-chloro- 1* 2,4 U047 D 6000 (2270) 
2-Chloronaphthalene 

2·Chloronaphthalona 91587 ,beta-Chloronaphthalene 1* 2,4 U047 D 5000 (2270) 
Naphthalene, 2-chloro-

2·Chlorophenol 96678 o-Chlorophenol 1* 2,4 U048 B 100 (46.4) 
Phenol, 2-chloro-

o-Chklrophenol 96678 Phenol, 2-chloro- 1* '2,4 U048 B 100 146.4) 
2-Chlorophenol 

4-Chklrophonyl phenyl ether 7006723 1* 2 D 6000 (22701 

1·(o-Chlorophonyl)thlourea 6344821 Thiourea, (2-chlorophenyll- 1* 4 P026 B 100 (46.4) 

3·Chloropropionitrile 642767 Propanenitrile, 3-chloro- 1* 4 P027 C 1000 (464) 

Chlorosulfonlc acid 7790946 1000 1 C ,1000 (464) 

4-Chloro-o-toluldine, hydrochloride 3165933 Benzenamine, 4-chloro-2-methyl-, 1* 4 U049 B 100 (46.4) 
hydrochloride 

Chlorpyrifos 2921882 1 1 X 1 (0.464) 

Chromic acetate 1066304 1000 1 C 1000 (464) 
, 

Chromic acid 11116746 1000 1 A 10(4.54) 
-

7738946 1000 1 A 10 (4.64) 

Chromic acid H2Cr04, calcium salt 13766190 Calcium chromate 1000 1,4 U032 A 10 (4.64) 

Chromic sulfato 10101538 1000 1 C 1000 (464) 

Chromiumtt 7440473 1* 2 D 6000 (2270) 
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CHROMIUM AND COMPOUNDS N/A 1· 2 •• 
-

Chromous chloride 10049066 1000 1 C 1000 (464) 

Chrysene 218019 1,2-Benzphenanthrene 1· 2,4 U060 B 100 (46.4) 

Cobaltous bromide " 7789437 1000 1 C 1000 (464) 

Cobaltous formate 
I 644183 1000 1 C 1000 (464) 

Cobaltous sulfa mate 1401741"6 1000 1 C 1000 (464) 

Coke Oven Emissions N/A 1· 3 X 1,(0.464) 

Copper cyanide CuCN " 644923 Copper cyanide 1· - 4 P029 A 10 (4.54) 

Coppertt 7440608 1· 2 D 5000(2270) 

COPPER AND COMPOUNDS N/A 1· 2 .. 
Copper cyanide 644923 Copper cyanide CuCN 1 • 4 P029 A 10 (4~54) 

Coumaphos 66724 10 1 A 10 (4.54) 

Creosote 8001589 1· 4 U061 X 1'(0.464) 

Cresol(s) 1319773' Cresylic acid 1000 1,4 U062 C 1000 (464) 
Phenol, methyl-

m-Cresol' 108394 m-Cresylic acid 1000 1,4 U062 C 1000 (464) 

a-Cresol 96487 o-Cresylic acid 1000 1,4 U052 C 1000 (464) 

p-Cresol 106446 p-Cresylic ~cid 1000 1,4 U062 C 1000 (464) 
J 

Cresylic acid 1319773 Cresol(s) 1000 1,4 U062 C 1000 (464) 
Phenol, methyl-

m-Cresol 108394 m-Cresylic acid 1000 1,4 U062 C 1000 (464) 

o-Cresol 95487 o-Cresylic acid 1000 1,4 U062 
, 

C 1000 (454) 

p-Cresol 106446 p-Cresylic acid 1000 1.4 U062 C 1000 (454) 

Crotonaldehyde 123739 2-Butenal 100 1,4 U053 B 100 (46.4) 

4170303 

Cumene 98828 Benzene, 1-methylethyl- 1· 4 U055 D 5000 (2270) 

Cupric acetate 142712 100 1 B 100 (46.4) 

Cupric acetoarsenite 12002038 I 100 1 X 1 (0.464) 

Cupric chloride 7447394 10 1 A 10 (4.54) 

Cupric nitrate 3261238 100 1 B ,100 (46.4) 

Cupric oxalate 5893663 100 1 B 100 (46.4) 

Cupric sulfat~ 7,758987 10 1 A 10 (4.54) 

Cupric sulfate, ammoniated 10380297 100 1 B "100 (46.4) 
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Cupric tertrete 8<16827 100 1 S 100 (46.4) 

CYANIDES N/A 1· 2 •• 

Cyenidos (soluble selts end 67126 1· 4 P030 A 10 (4.64) 
c,omploxes) not otherwise specified 

Cyanogen 460196 Ethanedinitrile ;. 4 P031 S 100 (46.4) 

Cyanogen bromide 606683 Cyanogen bromide (CN)Sr 1· 4 U246 , C 1000 (464) 

Cyanogen bromide (CNISr 606683 Cyanogen bromide 1· 4 U246 C 1000 (464) 

CyaMgen chloride 606774 Cyanogen chloride (CN)CI 10 .1,4 P033 A 10 (4.64) 

Cyanogen chloride (CN)CI 606774 Cyanogen chloride 10 1,4 P033 A 10 (4.64) 

2,6-Cyclohoxediene-1,4-dione 106614 p-Senzoquinone 1· 4 U197 A 10 (4.64) 

CyclohexaM 110827 Benzene, hexahydro- 1000 1,4 U066 C 1000 (464) 

Cy'clohoxane, 1,2,3,4,6,6- 68899 gamma-BHC 1 1,2,4 U129 X 1 (0.464) 
hoxQchtoro-,(lelphe, 2elphe, 
3bera,4alpha,6elphe,6,oote)-

Cyclohexanone 108941 1· 4 U067 0 60Q0 (2270) 

2-Cyclohexyi-4,6.dinitrophenol 131896 Phenol, 2-cyclohexyl-4,6-dinitro- 1· 4 P034 B 100 (46.4) 

1.3.CyclopontedioM, 1,2,3,4,6,6- 77474 Hexachlorocyclopentadiene 1 1,2,4; U130 A 10 (4.64) 
hexachloro-

Cyclophosphamide 60180 2H-1,3,2-0xazaphosphorin-2- 1· 4 U068 A 10 (4.54) 
amine, N,N-bis(2-chloroethyl) 
tetrahydro-,2-oxide 

2,4-0 Acid 94767 Acetic acid (2,4-dichlorophenoxy)- 100 1,4 U240 B 100 (46.4) 
2,4-0, salts and esters 

2,4-0 Estor 94111 100 1 B , 100 (46.4) 

94791 100 1 B 100 (46.4) 
" 

94804 100 1 B 100 (46.4) 

1320189 100 1 B 100 (46.4) 

1928387 r 100 1 B 100 (46.4) 

1928616 100 1 B 100 (46.4) 

1929733 100 1 B 100 (46.4) 

2971382 100 1 B 100 (46.4) 

26168267 100 1 B 100 (46.4) 

63467111 100 1 B 100 (46.4) 

2,4-0, selts and esters 94767 Acetic acid (2,4-dichlorophenoxy)- 100 1,4 U240 B 100 (46.4) 
2,4-0 Acid 

1H-14 September 1992 ' 

NWMAR117558 



AppendiK I 

St;;ltutory Final RQ 

- RCRA Cat.-
Hazardous Substance CASRN Regulatory Synonyms RQ Codet Wast. II gory . Pounds (Kg) 

Daunomycin 20830813· 6,12-Naphthacenedione, 8-acetyl- 1·. 4 U069 A 10 (4.64) 
, O-[3-amino-2,3,6- trideoxy-alpha-
L-lyxo-hexo-pyranosyl)oxy)-7, 8,9, 
10-tetrahydto-6,8,11-trihydroxy-1- , 
methoxy-, (8S-cis)- ," 

DOD 72648 Benzene, 1,1 '-(2,2- 1 1,2,4 U060 , X 1 (0.464) 
dichloroethylidenelbis[4-chloro-
TOE 
4,4' DOD 

4,4' DOD 72648 Benzene, 1,1'-(2,2- 1 1,2,4 U060 X 1 (0.464) 
dichloroethylidene)bis[ 4-chloro- -
DOD 
TOE 

ODE 72559 4,4' DOE 1· 2 X 1 (0.464) 

4,4' DOE 72669 DOE. , 1· 2 X 1 (0.4641 

DOT 60293 Benzene, 1,1'-(2,2,2- 1 1,2,4 U061 X 1 (0.4641 
, . 

trichloroethylidene)bis[4-chloro-
4,4'DDT 

4,4' DOT 60293 Benzene, 1,1 '-(2,2,2- 1 1,2,4 U061 X 1 (0.464) . 
trichloroethylidene) bis( 4-chloro-
DDT 

DDT AND METABOLITES 
, 

N/A 1" 2 •• 

DiaUate 2303164 Carbamothioic acid, bis( 1- 1· 4 U062 B 100 (46.4) 
methylethyl)-, f?-(2,3,-dich-loro-2-
propenyl) ester 

Diazinon 333416 1 1 X 1 (0.464) 

Dibenz{ a, h) anthracene 63703 Dibenzo(a,h)anthracene 1· 2,4 U063 X 1 (0.4541 ' 
1,2:5,6-Dibenzanthracene 

-
1,2:5,6-Dibenzanthracene 53703 Dibenz{a,h)anthracene ' 1· 2,4 U063 X 1 (0.464) 

Dibenzo(a!h]anthracene 

Dibenzo{a,h]anthracene 53703 Dibenz[a,h)anthracene 1· 2,4 U063 X 1 (0.454) 
1,2:6,6-Dibenzanthracene 

Dib'enz[a,i]pyrene 189669 Benzo[rst]pentaphene 1·· 4 U064 A 10 (4.64) 

1,2-Dibromo-3-chloropropane 96128 Propane, 1,2-dibromo-3-chloro- 1· 4 U066 X 1 (0.464) 

Dibutyl phthalate 84742 Dibutyl phthalate 100 1,2,4 U069 A 10 (4.54) 
n-Butyl phthalate 
1,2-Benzenedicarboxylic acid, 

dibutyl ester 

Di-n-butyl phthalate 84742 Dibutyl phthalate 100 .1,2,4 U069 A 10 (4.64) 
n-Butyl phthalate 
',2-Benzenedicarboxylic acid, 

dibutyl ester 

·Dicamba 1918009 1000 1 C 1000 (464) 
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OTchlobenil 1194666 1000 1 B 100 146.4)' 

OTchlono 117806 1 1 X 1 (0.464) 

Oichlorobenzene 26321226 100 1 B 100 (46.4) 

1,2-0Ichlorobenzene 96601 Bem;ene, 1 ,2-dichlo~o~o- 100 1,2,4 U070 B 100 (46.4) 
Dichlorobenzene 

1,3·Dlchlorobenzene 541731 Benzene, 1,3-dichloro m- 1· 2,4 U071 B 100 (46.4) 
Dichlorobenzene 

1 A-Dichlorobenzene 106467 Benzene, l,4-dichloro p- 100 1,2,4 U072 B 100 (46.4) 
Dichlorobenzene .. 

m-Oi<:hlorobanzene 641731 Benzene, 1,3-dichloro 1',3- 1· 2,4 U071 . B 100 (46.4) 
Dichlorobenzene 

o·Olchlorobenzene 96601 Benzene, l,2-dichloro 1,2- 100 1,2,4 U070 B 100 (46.4) 
Dichlorobenzene 

p·Oichforobenzene 106467 Benzene, l,4-dichloro 1,4- 100 1,2,4 U072 B 100 (46.4) 
Dichlorobenzene 

DICHLOROBENZIDINE N/A 1· 2 •• 
, 

3,3'·Olchlorobenzidine 91941 [1, l' -Biphenyl):. 1· 2,4 U073 X 1 10.464) 
4,4' diamine,3,3' dichloro-

Olchlorobromomethane 76274 1· 2 0 5000 (2270) 

1,4-0ichloro-2-butene 764410 2-Butene, 1,4-dichloro- 1· 4 U074 'X 1 (0.464) 

Olchlorodifluoromethane 76718 Methane, dichlorodifluoro- 1· 4 U076 0 6000 (2270) 

1,1-0ichloroethene 76343 Ethane, .1, 1-dichloro- 1· 2,4 U076 C 1000 (454) 
Ethylidene dichloride 

1,2·0ichloroethene 107062 Ethane, 1,2-dichloro- 6000 1,2,4 U077 B 100 (46.4) 
Ethylene dichloride 

1 i 1·0ichloroethylene 76364 Ethene, l,l-dichloro- 6000 1,2,4 U078 B 100 (46.4) 
Vinylidene chloride 

1.2·0Ichloroethylene 166606 Ethene 1,2-dichloro- (E) 1· 2,4 U079 C 1000 (464) 

Oichloroethyl ether 111444 Bis (2-chloroethyl) ether 1· 2,4 U026 A 10 (4.64) 
Ethane, 1,1' -oxybis[2-chloro-

Olchloroisopropyl ether 108601 Propane, 2,2' -oxybis[2-chloro- 1· 2,4 U027 C 1000 (464) 

Oichloromethoxy ethene 111911 Bis(2-chloroethoxy) methane 1· 2,4 U024 C 1000 (454) 
. Ethane, 1,1' -[methylenebis(oxy)) 
bis(2-chloro-

Dichloromethyl ether 542881 Methane,oxybis(chloro- 1· 4 P016 A 10 (4.64) 

2.4-01chlorophenol 120832 Phenol, 2,4-dichloro- 1· 2,4 U081 B 100 (46.4) 

2.6·0ichlorophenol 87660 Phenol, 2,6-dichloro- 1· 4 U082 B 100 (46.4) 

Olchlorophenyla,rsine 696286 Arsonous dichloride, phenyl- 1· 4- P036 X 1(0.464) 
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Dichloropropane 26638197 6000 1 C 1000 (464) 

1,1-Dichloropropane 78999 6000 1 C 1000 (464) 

1,3-Dichloropropane 142289 6000 1 C 1000 (464) 

1,2-Dichloropropane 78876 Propane, 1,2-dichloro- 6000 1,2,4 U083 C 1000 (464) 
Propylene dichloride 

, ' 

Dichloropropane-Dichloropropene 8003198 6000 1 B 100 (46.4) 
{mixture} 

-
Dichloropropene ~ 26962238 6000 1 B 100 (46.4) 

2,3-Dichloropropene 78886 6000 1 B 100 (46.4) 

1,3-Dichloropropene 542766 1-Propene, 1,3-dichloro- 6000 1,2,4 U084 B 100 (46.4) 

2,2-Dichloropropionic acid 76990 6000 1 0 6000 (2270) 

Dichlorvos 627737 10 1 A, 10 (4.64) 

Dicofol 116322 6000 1 A 6000 (2270) 

Dieldrin 60671 2,7:3,6-Dimethanonaphth[2,3- 1 1~2,4 P037 X 1 (0.464) 
bloxirene,3.4.6,6,9,9-hexachloro-
1 a,2,2a,3,6,6a,7 ,7a-octahydro-, ; 

(1 aalpha,2beta,2aalpha,3beta, 
6beta,6aalpha,7beta, 7aalpha)-

1,2:3,4-Diepoxybutane 1464536 2,2' -Bioxirane 1· :4 U086 A 10 (4.64) 

Diethylamine 109897 1000 1 B 100 (464.4) 

Diethylarsine 692422 Arsine, diethyl-,. 1· 4 P938 X 1 (0.454) 

1 ,4-Diethylenedioxide 123911 1 A-Dioxane 1· 4 U108 B 100 (46.4) 

Diethylhexyl phthalate 117817 Bis (2-ethylhexyl)phthalate 1·, 2,4 U028 B 100 {4~.4}' 
l,2,-Benzenedicarboxylic acid, 
[bis(2-ethylhexyll) ester 

N ,N~ 'Diethylhydrazine 1616,801 Hydrazine, 1,2-diethyl- 1· 4 U086 A 10 (4.64) 

O,O~Diethyl S-methyl 3288682 Phosphorodithioic acid, O,O-diethyl 1· 4 U087 D 6000 {2270} 
dithiophosphate S-methyl ester 

Diethyl-p-nitrophenyl phosphate 311466 Phosphoric acid, diethyl 4- ' 1 .. 4 P041 B 100 (46.4) 
nitrophenyl ester ' 

Diethyl phthalate 84662 ,1 ,2-Benzenedicarboxylic acid, 1· 2,4 U088 C 1000 (464) 
diethyl ester 

o ,O-Diethyl O-pyrazinyl 297972 Phosphorothioic acid, O,O-diethyl 1· 4 P040 B 100 (46.4) 
phosphorothioate O-pyrazinyl ester , 

. 
Diethylstilbestrol 66631 Phenol, 4.4' -{ 1 ,2-diethyl-l ,2- 1· 4 U089 X 1 (0.464) 

ethenediyllbis-, (E) 

Dihydrosafrole 94686 1,3-Benzodioxole, 6-propyl- 1· 4 U090 A 10 (4.64) . 
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Clilloptopytluorophospheto 66914 Phosphorofluoridic acid, bis{ 1- 1· 4 P043 B 100 (46.4) 
methyl ethyl) ester 

1,4,6,S·Dimothenonllphthalene, 309002 Aldrin 1 1,2,4 POO4 X 1 (0.464) 
1,2,3,4,10,10-,10-hoxechloro-
1.4,4e,6,8,SII-hexehydro-, 
(1 alpha,4elphe,4l1bate,6elphs,' 
8alphl, 

8abota)-1,4,6,S- 466736 Isodrin 1· 4 P060 X 1 (0.464) 
Cimanthenonllphthelono, 
1,2,3,4,1 0,1 O-hexechloro-
1,4,4II,6,S,Se-
haxahydro,( 1 elphe,4elphe,4sbate, 
Sabeta,Sbeta, 

Sabeta)-2,7:3,6- 60671 Dieldrin 1 1,2,4 P037 . X 1 (0.464) 
Clmathononephth(2,3-b)oxirene, 
3,4,6,6,9,9·hexechloro-l e,2,20,3, 
6,6I1,7,7a-octahydro-, (leelpha, 
2beta,2eelphe,3bate,Sbate, 

6ealphe, 7bote, 7elllphll)-2, 7:3,S- 7220S Endrin 1 1,2,4· P061 X 1 (0.464) 
Clmothononllphth[2,3-b)oxirone, Endrin & metabolites 
3,4,6,6,9,9·hllxechloro-1e,2,28,3, 
6,60,7,7e-octe-hydro-,(1eolpho, 
2b8ta,2eb8te,30lphe,Solpha, 

6abota, 7bota, 7salpha)-Dimethoate 60616 Phosphorodithioic acid, 0,0- 1· 4 P044 A 10 (4.64) 
dimethyl S-[2{methyla:'mino)-2-
oxoethyl) estor 

3,3'.Dimothoxybonzldino 119904 [1,1'-Siphenyl)-4,4'diamino,3, 1· 4 U091 B 100 (45.4) 
3' dimethyoxy-

Clm IIthyla mine 124403 methanamine, N-methyl 1000 1,4 U092 C 1000 (464) 

p.Clmothyleminollzoba·nzene 60117 Benzenamine, N,N-dimethyl-4- 1· 4 U093 A 10 (4.64) 
(phenylazo-) 

7,12·Dlmothylbanz.[e)enthracene 67976 Benz[a)anthracene, 7, 12-dimethyl- 1· 4 U094 X 1 (0.464) 

3,3'·Clmethylbonzidine 119937 [1, 1'Biphynyl)-4,4' diamine,3,3'- 1· 4 U096 A 10 (4.64) 
dimethyl-

IIlpho,olpha- 80169 Hydroperoxido, 1-mehtyl-1- 1· 4 U096 A 10 (4.64) 
CimothylbenzyJhydroperoxide . phenylethyl-

Clmothylcarbamoyl chloride 79447 Carbamic chloride, dimethyl- 1· 4 U097 X 1 (0.464) 

1,1·Dimothylhydrezine 67147 Hydrazino, 1,1-dimethyl- 1· 4 U098 A 10 (4.64) 

1,2·Clmothylhydrezine 640738 Hydrazine, 1,2-dimothyl- 1· 4 U099 X 1 (0.464) 

IIlphe,elphe- '122098 Benzeneothanamine, alpha,alpha- 1· 4 P046 D 6000 (2270) 
Clmathylphenathylamine dimethyl-

2,4-Cimathylphanol 106679 Phenol, 2,4-dimothyl- 1· 2,4 U101 B 100 (46.4) 
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Dimethyl phthalate 131113 1 ,2-Benzenedicarboxylic acid, 1· 2.4 U102 D 5000 (2270) 
dimethyl ester 

Dimethyl sulfate 7778.1 Sulfuric acid,. dimethyl ester 1· 4 U10.3 B 100(45.4) 

Dinitrobenzene (mixed) 25154545 1000 1 B 100 (45.4) 

m-Dinitrobenzene 99650 1000 1 B 100 (45.4) 

o-Dinitrobenzene 528290 1000 1 B 100 (45.4) 

p-Dinitrobenzene. 100254 1000 1 B 100 (45.4) 

4,6-Dinitro-o-cresol and salts 534521 Phenol,2-methyl-4,6-dinitro- 1· .2.4 P047 A 0 10 (4.54) 

Dinitrophenol 25550587 1000 1 A 10 (4.54) 

2,5-Dinitrophenol 329715 1000 1 A 10 (4.54) 

i,6-Dinitrophenol 573568 1000 1 A 10 (4.54) 

2,4-Dinitrophenol 61286 ,Phenol, 2.4-dinitro':" 1000 1,2.4 P048 A 10 (4.54) 

Dinitrotoluene 26321146 1000 1,2. A 10 (4.64) 

3.4-O,initrotoluene 610399 

2,4-Dinitrotoh-iene 121142 Benzene, 1-methyl-2.4-dinitro- 1000 1,2.4 U105 A 10 (4.54) 

2,6-Dinitrotoluene 606202 Benzene, 2-methyl-1,3-dinitro- 1000 ,1,2.4 Ul06 B 100 (46.4) 

Dinoseb . 88867 Phenol, :i-{ 1-methylpropyl)-4;6- 1'! 4 P020· C 1000 (464) 
dinitro , 

Di-n-octyl phthalate 117840 1,2-Benzenedicarboxylic acid, . 1· 2.4 U107 D 6000 (2270) 
dioctyl ester 

1.4-Dioxane 123911 1 ,4-Diethylenedioxide 1· 4 Ul08 B 100 (46.4) 

DIPHENYLHYDRAZINE N/A 1· 2 .. 
1,2-Diphenylhydrazine 122667 Hydrazine, t.2-diphenyl 1· 2;4 Ul09 A 10 (4.64) 

\ 

Diphosphoramide, octamethyl" 162169 Octamethylpyrophosphoramide 1· 4 P086 ,B 100 (46.4) 

Diphosphoric acid, tetraethyl ester 107493 Tetraethyl pyrophosphate 100' 1.4 P111 A 10 (4.54) 

Dipropylamine 142847 1-Propanamine, N-propyl- 1· 4 U110 D 6000 (2270) 

Di-n"propylnitrosamine 621647 l-Propanamine, N-nitroso-N-propyl- 1· 2,4 U111 A 10 (4.54) 

Diquat 85007 1000 1 C 1000 (464) 

2764729 , 1000 1 C 10~ (454) 

Disulfoton 298044 Phosphorodithioic acid, o,o-diethyl 1 1.4 P039 X 1 (0.464) 
S-[2-(ethylthio)ethylJester 

Dithiobiuret 641637 Thiomldodicarbonic diamide [(H2N) 1· 4 P049 B 100 (46.4) 
C(S))2NH 

Diuron 330641 100 1 B 100 (45.4) 
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Codocylbonzanosolfonic acid 27176870 1000 1 C 1000 (454) 

Endosolfan 116297 6,9-Methano-2,4,3- 1 1,2,4 P060 X 1 (0.454) 
benzodioxathiepin, 6,7,8,9,10,10-
hexachloro-1,6,6a,6,9,9a-
hexahydro-, 3-oxide 

_\ph4 • Endosolfan 969988 1· 2 X 1 (0.454) 

boto • Endollulfan '33213669 1· 2 X 1 (0.454) 

ENDOSALFAN AND N/A 1· 2 .. 
METABOLITES 

-
Encfoaulfan SUlfate 1031078 1· 2 X 1 (0.464) 

Endothall 146733 7-0xabicyclo[2.2.1 ]heptane-2,3- 1· 4 P088 C 1000 (464) 
dicarboxylic acid 

Enddn 72208 Endrin, & metabolites 1 1,2,4 P061 X 1 10.454) 
2, 7:3,6-Dimetham~naphth[2,3-
b)oxirene,3,4,6,6,9;9 -hexachloro-
1 a,2,2a,3,6,6a, 7, 7a-octa-hydro-, 
(1 aalpha, 2beta,2abeta,3alpha, 
6alpha,6abeta,7beta, 7aalpha)-

Endtln aldehyde 7421934 1· 2 X 1 (0.464) 

ENDRIN AND METABOLITES N/A 1· 2 •• 

Endcin. & metablites 72208 Endrin 1 1,2,4 P061 X 1 (0.464) 
2,7 :3, 6-Dimethanonaphth[2,3-b) 
oxirene, 3,4,6,6,9,9-hexachloro-
1 a,2,2a,3,6,6a, 7, 7a-octa-hydro-, 
(1 aalpha,2beta, 2abeta,3alpha, 
6alpha, •••••••••••••••••••••••• 
6abata,7beta, 7aalpha)-

Epichlorohydrln 106898 Oxirane, (chloromethyll- 1000 1,4 U041 B 100 (46.4) 

Eplnophrino 61434 1 ,2-Benzenediol,4-[ 1-hydroxy-2- 1· 4 P042 C 1000 1464) 
(methylamino)ethyl)-

Eth4nol 76070 Acetaldehyde 1000 1,4 UOO1 C 1000 (454) 

Ethanamlno, N-ethyl-N-nitroso- 66186 N-Nitrosodiothylamine 1· 4 U174 X 1 10.454) 

1,2-Etlumodillmloo, N,N-dimothyl- 91806 Methapyrilene "' 1· 4 U166 D 6000 (2270) 
N'·2-pyridinyf-N'-(2-thienylmethyl)-

Ethane, 1,2-dibromo- 106934 Ethylene dibromide 1000 1,4 U067 X, 1 10.454) 

Eth4no, 1, 1-dichloro- 76343 Ethylidene dichloride ' 1· 2,4 U076 C 1000 (454) 
1 ,1-Dichloroethane 

Etheno, 1,2-dichloro- 107062 Ethylene dichloride 6000 1,2,4 U077 B 100 (46.4) 
1,2-Dichlorethane 

Ethenodlnitrile 460196 Cyanogen 1· 4 P031 B 100 (46.4) 

H·20 September 1992 

NWMAR117564 



Appendix { 

Statutory Final RQ 

HCRA Cat.-
Hazardous Substance 

- CASRN Regulatory Synonyms RQ Cadet Wast. II gory Pounds (Kgl .• 

Ethane, hexachloro- 67721 Hexachloro~thane 1* .2,4 U131 B 100 (46.4) 

Ethane, 1,1 '- 111911 Bis(2-chloroethoxy) methane 1* 2,4 UQ24 C 1000 (464) 
[methylenebis(oxy))bis(2- Dichloromethoxy ethane 

chloro-

!=thane, 1, l' -oxybis- 60297 Ethyl ether 1· 4 U117 B 100 (46.4) 

Ethane; 1,1 '-oxybis[2-chloro- 111444 Bis' (2-chlciroethyl) ether 1· 2,4- U025 A 10 (4.64) 
Dichloroethyl. ether 

\ 

Ethane, pentachloro- 76017 Pentachloroethane 1·· 4 U184 A 10 (4.64) 

Ethane, 1,1,1 ,2-tetrachloro 630206 1,1,1,2-Tetrachloroethane 1· - 4 U208 B 100 (45.4) 

Ethane, 1,:1 ,2,2-tetrachloro 79345 1,1,2,2-Tetrachloroethane 1· 2,4 U209 B 100 (46.4) 

Ethanethioamide 62556 Thioacetamide 1· 4 U218 A 10 (4.64) 

Ethane, 1,1, 1-trichloro 71556 Methyl chloroform 1· 2,4 U226 C 1000 (464) 
1,1,1-Trichloroethane 

Ethane, 1;1 ,2-trichloro- 79005 1; 1,2-Trichloroethane 1· 2,4 U227 B 100 (45.4) 

Ethanimidothioic acid, N-[(methyl- 16752175 Methomyl 1· 4 P066 B 10(,) (45.4) 
amino)carbonylloxy)-, methyl ester 

Ethanol, 2-ethoxy- 110805 Ethylene glycol monoethyl ether 1· 4 U3G9 C 1000 (454) 

Ethanol, 2,2' -(nitrosoimino)bis- 1116547 N-Nitrosodiethanolamine 1· 4 U173 X 1 (0.464) 

Ethanone, 1-phenyl- 98862 Acetophenone 1· 4 UOO4 D 5000 (2270) 

Ethene, chloro- 75014 Vinyl chloride 1· 2,3,4 U043 X 1 (0.454) 

Ethene, 2-Cloroethoxy- 110758 2-Chloroethyl vinyl ether 1· 2,4 U042 C 1000 (454) 

Ethene, 1, 1-dichloro- 75364 Vinylidene chloride 5000 1,2,4 U078 B 100 (45.4) 
1 ,1-Dichloroethylene 

Ethene, l,2-dichloro- 156605 1,2-Dichloroethylene 1· 2,4 U079 C 1000 (45.4) 

Ethene, tetrachloro- 127184 Perchloroethylene 1· 02,4 U210 ~ 100 (45.4) 
Tetrachlorethene 
Tetrachloroethylene 

Ethene, trichloro- 79016 Trichloroethene 1000 1,2.4 U228 , B 100 (45.4) 
- Trichloroethylene 

Ethion 563122 10 1 A 10 (4.54) 

Ethyl acetate .141786 Acetic acid, ethyl ester 1· 4 U112 D 5000 (2270) 

Ethyl acrylate 140885 2-Propenoic acid, ethyl ester 1· 4 U113 C 1000 (464) 

Ethylbenzene 109414 1000 1,2 C 1000 (464) 

Ethyl carbamate (urethane) 51796 Carbamic acid, ethyl ester 1· 4 U238 B 100(45.4) 

Ethyl cyanide 107120 Propimenitril 1· 4 Pl01 A 10 (4.64) 
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Ethylenebisdithiocarbamic acid, 111646 Carbamodithioic acid, 1 ,2- 1· 4 Ul14 D 6000 (2270) 
salte Be. ostors ethanediylbis, salts & esters 

Ethylenediamine 107163 1000 1 D 6000 (2270) 

Ethykmediamlne-totraacetlc acid 60004 6000 1 D 6000 (2270) 
(EOTA) 

Ethylene dibromlde 106934 Ethane, 1,2-dibromo- 1000 1,4 U067 X 1 (0.464) 

Ethylene dIchloride 107062 Ethane, 1,2-dichloro- 6000 1,2,4 U077 B 100 (46.4) 
1,2-Dichloroethane 

Ethyllono glycol monoethy ether 110806 Ethanol, 2-ethoxy- 1· - 4 U369 C 1000 (464) 

Ethylone oxide 76218 Oxirane 1· 4 U116 A 10 (4.64) 

Ethylenethlouro8 96467 2-lmidazolidinethione 1· 4 U116 A Hi (4.64) 

Ethylenlmlno 151564 Aziridine 1· 4 P064 X 1 (0.464) 

Ethyl other 60297 Ethane, 1,1 '-oxybis 1· 4 U117 B 100 (46.4) 

Ethylideno dichloride 76343 Ethane, 1,1' -dichloro- 1· 2,4 U076 C 1000 (464) 
1 ,1-Dichloroethane 

Ethyl mothflcrylato 97632 2-Propenoic acid, 2-methyl-, ethyl 1· 4 U118 C 1000 (464) 
ester 

Ethyl meth8nasulfonate 62600 Methanesulfonic acid, ethyl ester 1· 4 Ul19 X 1 10.464) 

Famphur 62857 Phosphorothioic acid, O,[4-[(di- 1 • 4 P097. C 1000 (454) 
methylamino) sulfonyll'phenyl) 
O,O-dimethyl ester 

Forric 8mmonium citr8te 1186676 1000 1 C 1000 (464) 

Ferric flmmonlum oxalate 2944674 1000 1 C '1000 (464) 

56488874 1000 1 C 1000 (454) 

Forric chloride 7706080 1000 1 C 1000 (464) 

Ferric flouride 7783608 100 1 B 100 (46.4) 

Ferric nitrato 10421484 100() 1 C 1000 (454) 

Ferric sulfate 10028226 1000 1 C 1000 (464) 

F.nous ammonium sulfate 10046893 1000 1 C 1000 (464) 

Ferrous chloride 7768943 100 1 B 100 (46.4) 

Ferrous sulfate 7720787 1000 1 C 1000 (464) 

7782630 1000 1 C 1000 (464) 

Flouranthono 206440 Benzo[j,k]flourene 1· 2,4 U120 B 100 (46.4) 

Floorontt 86737 1· 2 D 6000 (2270) 

Flourine 7782414 1~ 4 P066 A 10 (4~54) 
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flouroacetamide 640197 Acetamide, 2-fluoro- 1· 4 P067 B 100 (46.4) 

Flouracetic acid, sodium salt 62748 Acetic acid, fluoro-, sodium salt 1· 4 P068 A 10 (4.54) 

Formaldehyde 50000 1000 1,4 U122 B 100 (46.4) 

Formic acid 64186 5000 1,4 U123 0 6000 (2270) 
~ 

'Fulminic acid, mercury(2 + )salt 628864 Mercury fulminate 1· 4 P06S A 10 (4.64) 

Fumaric acid 110178 6000 1 0 6000 (2270) 

Furan 110009 Furfuran 1· 4 U124 B 100 (46.4) 

Furan, tetrahydro- 109999 Tetrahydrofuran ,. 4 U213 C 1000 (454) 

2-Furancarboxaldehyde 98011 Furfural 1000 1,4 U1,26 0 " 6000 (2270) 

2,5-Furandione 108316 Maleic anhydride 6000 1,4 U147 0 5000 (2270) 

Furfural 98011 2-Furancarboxaldehyde 1000 1,4 U126 , 0 5000 (2270) , 
.' 

Furfuran 1,10009 Furan ,. 4 U124 B 100 (46.4)' 

Glucopyranose, 2~deoxy-2-(3- 18883664 D-Glucose, 2-deoxy-2- ,. 4 U206 , X 1 (0.454) 
methyl-3-nitrosoureido)- [[(methylnitrosoamino)-

carbonyl)amino)Streptozotocin 

D.Glucose, 2-deoxy-2- 18883664 Glucopyranose, 2-deoxy-2-(3- ,. 4 U206 X 1 (0.46) 
n(methylnitrosoamino)- methyl-3-nitrosoureido)-

I carbonyl)amino)-, ' 

Glycidylaldehyde - 766344 Oxiranecarboxyaldehyde 1· 4 U126 A 10 (4.64) 

Guanidien, N-methyl-N' -nitro-N- '70267 MNNG 1· 4 U163 A 10 (4.54) 
nitroso-

Guthion 866600 1 1 X 1 (0.464) 

HALOETHERS N/A 1· 2 .. 
HALOMETHANES N/A ,. 2 ~. 

Heptachlor 76448 4,7-Methano-1H-indene, 1,4,6,6, 1 1,2,4 P069 X 1 (0.464) 
7,8,8-heptachloro-3a,4,7,7a-· 

" tetra hydro-

HEPTACHLOR AND METABOLITES N/A ,. 2 •• 

Heptachlor epoxide· 1024673 ,. 2 X 1 (0.464) 

Hexachlorobenzene 118741 Benzene, hexachloro- 1· 2,4 1,.)127 A 10 (4.54) 

Hexachlorobutadiene 87683 1,3-Butadiene, 1,1,2,3,4,6- ,. 2,4 U128 .. X 1 (0.464) 
hexachloro-

HEXACHLOROCYCLOHEXANE (all 608731 1· 2 .. 
isomers) 
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~ 

Hexachlorocyclohexane (gammer 68899 Cyclohexane. 1.2.3.4.6.6- 1 1.2.4 U129 X 1 (0.464) 
!comllr) hexachloro-.( 1 alpha.2alpha.3beta. 

4alJ)ha.6alpha.6beta)-ga~ina-BHC 
Lindane 

H.x.chlorocyclopontadieno 77474 1.S-Cyclopentadiene.l.2.3.4.6.6- 1 1.2.4 U130 A 10 (4.64) 
hexachloro-

Hllxllchloroothtme 67721 Ethane. hexachloro- 1· 2.4 U131 B 100 (46.4) 

Hexachloropheno 70304 Phenol. 2.2' -methylenebis[3.4.6- 1· 4 U132 B 100 (46.4) 
trichloro-

Hexachloropropano 1888717 1'-Propene. 1.1.2.3.3.3- 1· 4 U243 C 1000 (464) 
hexachloro-

Hex •• thyl totrephosphete 757684 Tetraphosphoric acid. hexaethyl 1· 4 P062 B 100 (46.4) 
ester 

Hychzlne 302012 1· 4 U133 X 1 (0.464) 

Hychzlno, 1,2-diothyl- 1616801 N.N· -Oiethylhydrazine 1· 4 U086 A 10 (4.64) 

Hyck'llzlno, 1, l-dimothyl- 67147 1.1-0imethylhydrazine 1· 4 U098 A 10 (4.64) 

Hyck'ozlno, 1,2·dimathyl- 640738 1.2-0imethylhydrazine 1· 4 U099 X 1 (0.464) 

Hyck'azino, 1,2·diphenyl- 122667 1 .2-0iphenylhydrazine 1· 2.4 Ul09 A 10 (4.64) 

Hyck'azino, mothyl- 60344 Methyl hydrazine 1· 4 P068 A 10 (4.64) 

Hyck'ezinocarboth.ioemide 79196 Thiosemicarbazide 1· 4 P116 B 100 (46.4) 

Hyck'ochloric ecid 7647010 Hydrogen chloride 6000 1 0 6000 (2270) 

Hyck'ocyanic ecid 74908 Hydrogen cyanide 10 1.4 P063 A 10 (4.54) 

Hyck'ofluorie acid 7664393 Hydrogen flouride 5000 1.4 U134 B 100 '(46.4) 

Hyck'ogon chk>rldo 7647010 Hydrochloric acid 6000 1 0 6000 (2270) 

Hyck'ogon cyenldo 74908 Hydrocyanic acid 10 1.4 P063 A 10 (4.64) 

Hyck'ogon fluorJdo 7664393 Hydrofluoric acid 6000 1.4 Ul34 B 100 (46.4) 

Hyck'ogon sulfido 7783064 Hydrogen sulfide H2S 100 1.4 U136 B 100 (46.4) 

Hyck'ogen sulfide ,H2S 7783064 Hydrogen sulfide 100 1.4 U136 B 100 (46.4) 

Hyck'operoxldo, l·methyl-l- 80169 alpha,alpha-
. 

1· 4 U096 A 10 (4.64) 
phonylothyl- Dimethylbenzylhydroperoxide 

2·lmldozolldinothlone 96467 Ethylenethiourea 1· 4 U116 A 10 (4.64) 

Indeno(1,2,3'cd)pyrene 193396 1,10-(1.2-Phenylene)pyrene 1· 2.4 U137. B 100 (46.4) 

1 ,3-lsooonzofure ndione 86449 Phthalic anhydride 1· 4 U190 0 6000 (2270) 

Isobutyl alcohol 78831 1-Propanol. 2-methyl- 1· 4 U140 0 6000 (2270) 
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Isodrin 466736 1,4,6,8-Dimethanonaphthalene, 1* 4 P060 X 1 (0.454) 
1,2,3.4,10; 1 O-hexachloro-1 .4,4a, 
6,8,8a-hexahydro,( 1 alphaAalpha, 

.. 4abeta,6beta ,8beta,8abeta)-

Isophorone 78691 P 2 D 6000 (2270) 

Isoprene 78796 1000· 1 B 100 (46.4) 

Isopropanolamine 42604461 1000 1 C 1000 (454) 
dodecylbenzenesulfonate 

Isosafrole 120681 ~ ,3-Benzodioxole,6-} 1-propenly)- 1* 4 U141 B 100 (46.4) 

. 3(2H)-lsoxazolone, 5- "2763964 Muscimol 1* 4 P007 ·C 1000 (454) 
(aminomethyl)- 6-(Aminomethyl)-3-isoxazolol 

Kepone 143600 1 ,2,4-Metheno-2H-cyclobutal[cdl 1 1,4 U142 X 1(0.454) 
pentalen~2-one, 1, 1 a,3,3a,4,5,5, 
5~,5b,6-decachloroctahydro-

Lasiocarpine 303344 2-Butenoic acid, 2-methyl-, 7U2,3- 1· 4 U143 A 10 (4.54). 
dihydroxy-2-( 1-methoxyethYI)-3-
methyl-1-oxobutoxylmethyll-2,3,5, 
7 a-tetrahYdro-1 H-lOyrrolizin-1-yl 
ester, [1S-[1alpha(Z), 7(2S*,3R*), 
7aalphall-

Leadtt 7439921 1* 2 U143 A 10 (4.64) 
/ 

. Lead acetate 301042 Acetic acid, lead(2 + l salt 6000 1.4 U144 # 

LEAD AND COMPOUNDS N/A 1* 2 .* 

Lead arsenate 7784409 5000 1 X 1 (0.454) 

7~5262 6000 1 X 1 (0.454) 

10102484 6000 1 X 1 (0.464) 

Lead, bis(acetato-O)tetrahydroxytri 1336326 Lead subacetate 1· 4 U146 B 100 (45.4) 

Lead chloride 7758954 6000 1 B 100 (46.4) 

Lead fluoborate 13814966 .6000· 1 B 100 (45.4) 
-. 

Lead fluoride 7783462 1000 1 
~ 

B 100 (45.4) 

Lead· iodide 10101630 6000 1- B 100 (46;4) 

Lead nitrate 10099748 6000 1 B 100 (46.4) 

Lead phosphate 7446277 Phosphoric acid, lead(2+) salt . ·1· 4 U145 # 
(2:3) 

Lead stearate 7428480 6000 1 0 # 
5000 (2270) . 

1072361 5000 1 D # 
5000(2270) . 
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52662692 6000 1 D # 
6000 (2270) 

66189094 6000 1 D # 
6000 (227<?) 

c 
Lead tub8cotate 1336326 Lead, bis(acetato-O)tetrahydroxytri 1· 4 U146 B 100 (46.4) 

-
LOIId sulfAto 16739807 5000 1 B 100 (46.4) 

7446142 6000 1 B 100 (46.4) 

6000 1 B 100 (46.4) 

-
Lead tulfido . 1314870 6000 1 D # 

6000'(2270) 

Load thiocyanate 692870 6000 1 B 100 (46.4) 

Undane 68899 Cyclohexane, 1,2,3,4,6,6- 1 1,2,4 U129 X 1 (0.464) 
hexachloro-,( 1 alpha,2alpha,3beta, 
~alpha,6alpha,6beta)-gamma-BHC 
Hexachlorocyclohexane (gamma 
isomer) 

Uthium Chromato 14307368 1000 1 A 10 (4.64) 

Malathion 121766 10 1 B 100 (46.4) 

Maloic acid 110167 6000 1 D 6000 (2270) 

MaJ.olc anhydride 108316 2,6-Furandione 5000 1,4 U147 D 6000 (2270) 

Matolc hydrazido 123331 3,6-Pyridazinedione, 1,2-dihydro- 1· 4 U148 D 6000 (2270) 

Maton<:lnitrlle 109773 Propanedinitrile 1· 4 U149 C 1000 (464) 

Melphalan 148823 L-Phenylalanine, 4-[bis{2- 1· , 4 U160 X 1 (0.464) 
chloroethyllaminol] 

Mo(coptodimethur 2032657 100 1 A 10 (4.54) 

Mercmk: cyanide 692041 1 1 X 1 (O.464) 

Mercuric nitrete 10046940 10 1 A 10 {4.64} 

Morcuric sulfate 7783369 10 1 A 10 (4.64) . 
Marcune thiocyanate 692868 10 1 A 10 (4.64) 

Mercurous nitrato 10416766 10 1 A 10 (4.64) 

7782867 10 1 A 10 (4.64) 

Mercury 7439976 1· 2,3,4 U161 X 1 (0.464) 

MERCURY AND COMPOUNDS N/A 1· 2 .. 
Mercury, (acetate-O)phenyl 62384 Phenylmercury acetate 1· 4 P092 B 100 (46.4) 

Mercury fulminate 628864 Fulminic "aCid, mercury(2 + }salt 1· 4 P066 A 10 (4.64) 
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Methacrylonitrile 126987 2-Propenenitrile,2-methyl- 1· 4 U162 C 1000 (464) 

Methanamine, N-methyl- 124403 Dimethylamine 1000 1,4 U092 C 1000 (464) 

Methanamine, ~N-methyl-N-nitroso- 62769 N-Nitrosodimethylamine 1· 2,4 P082 ,A 10 (4.64) 

Methane, bromo- 74839 Methyl bromide 1· 2,4 U029 C 1000 (464) 

Methane, chloro- 74873 Methyl 'chloride 1· 2,4 U046 8 100 (46.4) 

Methane, chloromethoxy- 107302 Chloromethyl methyl ether f· 4 U046 A 10(4.64) 

Methane, dibromo- 74963 Methylene bromide 1· 4 U068 C 1000 (464) 

Methane, dichloro- 75092 Methylene chloride 1· -2,4 U080 C 1000 (464), 

Methane, dichlorodifluoro- 76718 Dichlorodifluoromethane 1· 4 U076 0 .5000 (2270) 

Methane, iodo- 74884 Methyl iodide 1· 4 U138 8 100 (46.4) 

Methane, isocyanato- 624839 Methyl isocyanate ·1· 4 P064 ## 

Methane, oxybis(chloro~ 642881 Dichloromethyl ether 1· 4 P016 A 10(4.64) . , 
Methanesulfenyl chloride, trichloro- 694423 Trichloromethanesulfenyl chloride 1· 4 P118 8 100 (46.4) 

Methanesulfonic acid, ethyl ester 62600 Ethyl methanesulfonate 1· 4 U119 X ' 1 (0:464) 

MethaF:le, tetrachloro- 66236' Carbon tetrachloride 6000 1,2,4 U211 A 10 (4.64) 

Methan~, tetranitro 609148 Tetranitromethane 1· 4 P112 A 10 (4.54) 

Methane, tribromo- 76262 Bromoform 1· .2,4 U226 8 100 (46.4) 

Methane, trichloro- 67663 Chloroform 6000 . 1,2,4 U044 A 10 (4.54) 

Methane, trichlorofluoro 76694 Trichloromonofluoromethane 1· 4 U121 0 "6000 (2270) 

Methanethiol 74931 Methylmercaptan '100 1,4 U163 8 100 (46.4) 
Thiomethanol 

6,9-Methano-2,4,3- 116297 Endosulfan 1 1,2,4 P060 X 1 (0.464) 
benzodioxathiepin,6,7,8,9, 10, 10-
hexachloro-1,6,6a,6,9,9a-
hexahydro-, 3-oxide 

1,3.4-Metheno-2H-cyclobutallcdl ' 143600 Kepone 1 1,4 U142 X 1 (0.464) 
perltalen-2-one, 1,1 a,3,3a,4,6,6, 
6a,6b,6-decachloroctahydro-

4,7-Methano-1H-indene, 1,4,6,6, 76448 Heptachlor, 1 1,2,4 P069 X ' 1 (0.464) 
7 ,8,8-heptachloro-3a,4, 7, 7a-
tetra hydro-

4, 7-Methano-1 H-indene, 1,2,3,4, 67749 Chlordane 1 1,2,4 U036 X 1 (0.464) 
6,6,8,8-octachloro-2,3,3a.4,6,6a- Chlordane, alpha & gamma , 
hexahydro- isomers 

Chlordane, technical 

Methanol 67661 Methyl alcohol 1· 4 U154 0 6000 (2270) 
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Methtlpyrllono 91806 1,2-Ethanediamine, N,N-dimethyl- 1· 4 U166 0 6000 (2270) 
N' -2-pyridinyl-N' -(2-thienylmethyl)-

Methomyl 16762776 Ethanimidothioic acid, N-[[(methyl- 1· 4 P066 B 100 (46.4) 
amino)carbonly]oxy]-, methyl ester 

Meth<:lxychlor 72436 Benzene, 1,1'-(2,2,2-' 1 1,4 U247 X 1 (0.464) 
trichloroethylidene) bis[ 4-methoxy-

Methyl olchohol 67661 Methanol ,1· 4 U164 0 6000 (2270) 

Methyl bromide 74839 Methane, bromo- 1 • 2,4 U029 C 1000 (464) 

,·Mothylbutadiono 604609 1,3-Pentadiene 1· _ 4 U186 B 100 (46.4) 

Methyl chlorido 74873 Methane, chloro- 1· 2,4 U046 B 100 (46.4) 

Methyl chlorocarbonote 79221 Carbonochloridic acid, methyl ester 1· 4 U166 C 1000 (464) 
Methyl chloroformate 

Methyl chloroform 71666 Ethane, 1,1, 1-trichloro- ,. 2,4 U226 C 1000 (464) 
1,1,1-Trichloroethane 

Methyl chloroformate 79221 Carbonochloridic acid, methyl ester ,. 4 U166 C 1000 (464) 
Methyl chlorocarbonate 

3·Mothylcholanthrene 66496 Benz[j]aceanthrylene, 1,2-dihydro- ,. 4 U167 A 10 (4.64) 
, 3-methyl-

4,4'·Mothylenllbis(2-chloroaniline) 101144 Benzenamine,4,4'-methylenebis(2- ,. 4 U168 A 10 (4.64) 
chloro-

Methyleno bromide 74963 Methane, dibromo- 1· 4 U068 C 1000 (464) 

Methy'lone chloride 76092 Methane, dichloro- 1· 2,4 U080 C 1000 (464) 

Methyf othyl ketone (MEK) 78933 2-Butanone ,. 4 U169 0 6000 (2270) 

Methyl othyl ketone peroxide 1338234 2-Butanone peroxide ,. 4 U160 A 10 (4.54) 

Methyl hydrozina 60344 Hydrazine, methyl- 1· 4 P068 A 10 (4.54) 
, 

Mothyl'od,do 74884 Methane, iodo- 1· 4 U138 B 100 (46.4) 

Methly isobutyl ketone 108101 4-Methyl-2-pentanone 1· 4- Ut61 0 6000 (2270) 

Mothyllsocyanate 624839 Methane, isocyanato- ·1· 4 P064 ## 

2·M athyllactonitrile 76866 Acetone cyanohydrin 10 1,4 P069 A 10 (4.64) 
Propanenitrile, 2-hydroxy-2-
methyl-

Methylmerceptan 74931 Methanethiol 100 1,4 U163 B 1,00 (45.4) 
Thiomethanol 

Mathyl methacrylate 80626 '2-Propenoic acid, 2-methyl, methyl 6000 ",4 U162 C 1000 (464) 
ester 

Methyl perathion 298000 Phosphorotioic acid, ),}-dimethyl 100 1,4 P071 B 100 (46.4) 
O-{4-nitro-phenyl) ester 

4-Mothyl-2-pentanone 108101 Methyl isobutyl ketone 1· 4 U161 0 6000 (2270) 
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Methylthiouracil 66042 4( 1 H)-Pyrimidinone, 2,3-dihydro-6- 1· 4 Ul64 A 10 (4.64) 
methyl-2-thioxo-

Mevinphos 7786347 j 1 1 A 10 (4.64) 

Mexacarbate 315184 1000 1 C 1000 (464) 

Mitomycin C 50077 Azirino[2' ,3':3,4]pyrrolo[1 ,2- 1· 4 U010 A 10 (4.54) 
alindole-4,7-dione,6-amino-8-
[[ (aminocarbonyl)oxy) methyl)-

, 1,1 a,2,8,8a,8b-hexahydro-8a-
methoxy-6-methyl, [1 as-( 1 aalpha, 
8beta,8aalpha, 8balpha))- -

MNNG 70267 Guanidine, N-methyl-N'~nitro-N- 1· 4 U163 A 10 (4.64) 
nitroso- , 

Monoethylamine 76047 1000 1 B 100 (45.4)' 

Monomethylamine 74895 1000 1 B 100 (46.4) 

Multi Source Leachate 1· 4, F039 X 1 (0.464) 

Muscimol 2763964 3(2HHsoxazolone, 5- 1· 4 POO7 C 1000 (464) 
(aminomethyl)- 5-(Amino-methyl)-
3-isoxazolol 

Naled 300765 10 1 'A 10 (4.54' 

5,12-Naphthacenedione, 8-acetyl- 20830813 Daunomycin ' 1· 4 U069 A 10 (4.64), 
1 O-[3-amino-2,3, 6-trideoxy-alpha-
L-Iyxo-hexopyranosyl)oxy)-
7,8,9,1 0-tetrahydro-6,8, 11- , 
trihydroxy-1-methoxy, (8S-cis'-

l-Naphthalenamine 134327 alpha-Naphthylamine 1· 4 U167 B 100 (46.4) 

2-Naphthalenamine 91698 beta-Naphthylamine 1· 4 U168 A 10 (4.64) 

Naphthalenamine,N,N' -bis(2- 494031 Chlornaphazi,ne 1· 4 U026 8 100 (45.4) 
chloroethyl)-

I 

Naphthalene 91203 5000 ,1,2,4 U166, 8 100 (46.4) 

Naphthalene, 2-chloro- 91687 beta-Chloronaphthalene 2- 1· 2,4 U047 D 6000 (2270) 
Chloronaphthalene 

, 

1,4-Naphthalenedione 130164 l,4-Naphthoquinone 1· 4 U166 D 6000 (2270) 

2,7-Naphthalenedisulfonic acid; 72671 Trypan blue 1· 4 U236 A 10 (4.64) 
3,3'-[(3,3'-dimethyl-{1,1 '- -
bYP,henyl)-4,4' -diyl)-bis(azo) )bis( 5-
amino-4-hydroxy)tetrasodium salt 

Naphthenic acid 1338246 100 1 B 100(45'.4) 

l,4-Naphthoquinone 130164 1 ,4-Naphthalenedione 1· 4 U166 D 6000 (2270) 

alpha-Naphthylamine 134327 1,-Naphthalenamine 1· 4 U167 B 100 (46.4) 

beta-Naphthylamine 91598 2,-Naphthalenamine 1· 4 U168 A 10 (4.64) 
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alplul-Naphthylthiourea 86884 Thiourea. l-naphthalenyl- 1· 4 P072 B 100 (46.4) 

Nfckoltt 7440020 1· 2 B 100 (46.4) 

Nlckof ammonium sulfate 16699180 6000 1 B 100 (46.4) 

NICKEL AND COMPOUNDS N/A 1· 2 •• 

Nickol carbonyl 13463393 Nickel carbonyl Ni(CO)4, (T -4)- 1· 4 P073 A 10 (4.64) 

Nickol carbonyl NI(CO)4, (T -4)- 13463393 Nickel carbonyl 1· 4 P073 A 10 (4.64) 

Nickel chlorldo 7718649 6000 1 B 100 (46.4) 

37211066 6000 1 B' 100 (46.4) 

Nlcke,1 cyanide 667197 Nickel cyanide Ni(CN)2 1· 4 P074 A 10 (4.64) 

Nickel cyanide Ni(CN)2 667197 Nickel cyanide 1· 4 P074 A 10 (4.64) 

Nickol hydroxide 12064487 1000 1 A 10 (4.64) 

Nickel nitrate 14216762 6000 1 B 100 (46.4) 

Nickel sulfate 7786814 6000 1 '8 100 (46.4) 

Nicotine, &. salts 64116 Pyridine, 3-( l-methyl-2- 1· 4 P076 B 100 (46.4) 
pyrrolidinyl)-, (S)-

Nitric acid 7697372 1000 1 C 1000 (464) 

Nitric acid, thelium (1 +) salt 10102461 Thallium (I) nitr!'lte 1· 4 U217 B 100 (46.4) 

Nickol oxide 10102439 Nittrogen oxide NO 1· 4 P076 A 10(4.64) 

p·Nitroenilintl 100016 Benzenamine, 4-nitro- 1· 4 P077 D 6000 (2270) 

Nitrobonztlno 98963 Benzene, nitro- 1000 1,2,4 U169' C 1000 (464)' 

Nitrogon dioxide 10102440 Nitrogen oxide N02 1000 1,4 P078 A 10 (4.64) 

10644726 1000 1,4 P078 ,A 10 (4.64) 

Nitrogen oxide NO 10102439 Nitric oxide 1· 4 P076 A 10 (4.64) 

Nitrogen oxide N02 10102440 Nitrogen dioxide 1000 1.4 P078 A 10 (4.64) 

10644726 

Nitroglycorine 66630 1,2.3-Propanetriol. trinitrate- 1· 4 P081 A 10 (4.64) 

Nitroprn,ool (mixed) 26164666 1000 1 B 100 (46.4) 

m-Nitrophonol 664847 B 100 (46.4) 

o·Nitrophonol 88766 2-Nitrophenol 

p-Nittophonol 100027 Phenol, 4-nitro-
4-Nitrophenol 

o-Nitrophonol 88766 2-Nitrophenol 1000 1,2 B· 100 (46.4) 

p-Nittophonol 100027 Phenol, 4-nitro- 4-Nitrophenol 1000 1,2,4 U170 B 100 (46.4) 
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2-Nitrophenol 88756 o-Nitrophenol 1000 1,2 B 100 (46.4) 

4-Nitrophenol 100027 p-Nitrophenol Phenol, 4-nitro- 1000 1,2.4 U170 B 100 (46.4) 

NITRO PHENOLS N/A 
, 

1· 2 •• 

2-Nitropropane 79469 Propane, 2-nitro- 1· 4 U171 A 10 (4.~) 

. NITROSAMINES N/A 1· 2 •• 

N-Nitrosodi-n-butylamine .924163 .1-Butanamine, N-butyl-N-nitroso- , 1· 4 U172 A 10 (4.64) 

N-Nitrosodiethanolamine 1116647 Ethanol, 2,2'-(nitrosoimino)bis- 1· 4 U173 X 1 (0.454) 

-
N-Nitrosodiethylamine 56186 Ethanamine, N-ethyl-N-nitroso- 1· . 4 U174 X 1 (0.464) 

N-Nitrosodimethylamine 62759 Methanamine, N-methyl-N-nitroso- 1· 2.4 ·P082 A 10 (4.64) 

N-Nitrosodiphenylamine 86306 1· 2 B 100 (46.4) 

N~Nitroso-N-ethylurea 769739 Urea, N"ethyl-N-nitroso- 1· 4 U176 X 1 (0.464) 

N-Nitroso-N-methyiurea 684935 Urea, N-methyl-N-nitroso 1· 4 U177 X 1 (0.454) 

N-Nitroso-N-methYlurethane, 616532 Carbamic acid, methylnitroso-, 1· 4 U178 X 1 (0.464) 

, . ethyl ester 

N-Nitrosomethylvinylamine 4649400 Vinlyamine, N-methyl-N-nitroso-. 1· 4 P084 A. 10 (4.64) 

N-Nitrosopiperidine 100764 Piperidine, 1-nitroso- 1· 4 U179 A 10 (4.64) 

N~Nitrosopyrrolidine 930662 Pyrrolidine, 1-nitroso- 1· 4 U180 X 1 (0.464) 

Nitrotoluene 1321126 1000 1 C 1000 (464) 

m-Nitrotoluene '99081 i 

o-Nitrotoluene 88722 

p-Nitrotoluene 99990 

5-Nitro-o-toluidine 99668 Benzenamine, 2-methyl-6-nitro- 1· 4 U181 B 100 (45.4) 

Octamethylpyrophosphoramide 152169 Diphosphoramide, octamethyl- 1· 4- PC85 B 100 (46.4) 

Osmium oxide Os04 (T -4)- 20816120 Osmium tetroxide 1· 4 P087 C 1000 (464) 

Osmium tetroxide 20816120 Osmium oxide Os04 (T -4)- 1· 4 P087 ' C 1000 (464) 

7-Oxa'bicyclo[2.2. 1 lheptane-2,3- 146733 .Endothall 1· 4 P088 C 1000 (464) 
dicarboxylic acid 

, 

1,2-0xathiolane, 2,2-dioxide 1120714 1,3-Propane sultone 1,· > 4 U193 A 10 (4.64) 

2H-1,3,2-0xazaphosphoi-in-2- 60180 Cyclophosphamide 1· 4 U068 A 10 (4.64) 
amine, N,N-bis(2-chloroethyl) 
tetrahydro-, 2-oxide 

, 
Oxirane 76218 Ethylene oxide 1· 4 U116 A 10 (4.64) 

Oxiranecarboxyaldehyde 766344 Glycidylaldehyde 1· ,'4 U126 A 10 (4.64) 
., 
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Oxlrano, (chloromethyl)- 106898 Epichlorohydrin 1000 1,4 U04'1 B 100 (46.41 

POf4formllldehyda 30626894 1000 1 C 1000 (464) 

Poraldehyde 123637 1,3,6-Trioxane, 2,4,6-trimethyl- 1· 4 U182 C 1000 (464) 

Parethkm 66382 Phosphorothioic acid, O,O-diethyl 1 1,4 P089 A 10 (4.64) 
O-(4-nitrophenyl) ester 

Pe,nttlchlorooonzane 608935 Benzene,> pentachloro- 1· 4 U183 A 10 (4.64) 

Pontechloro.thllne 76017 Ethane, pentachloro- 1· 4 U184 A 10 (4.64) 

Pontllchloronitrobenzene (PCNB) 82688 Benzene, pentachloronitro- 1· 0 4 U186 B 100 (46.4) 

Pentachlorophenol 87865 Phenol, pentachloro- 10 1,2,4 U242 A 10 (4.54) 

1,3·Pontadieno 604609 1-Methylbutadiene 1· 4 U186 B 100 (46.4) 

Porchloroethylene 127184 Ethene, tetrachloro- Tetrachloro- 1· 2,4 U210 B 100 (46.4) 
ethene Tetrachlor-oethylene 

Phenacotln 62442 Acetemide, N-(4-ethoxyphenyl)- 1· 4 U187 B 100 (46-4) 

Phenanthrene 85018 1· 2 D 5000 (2270) 

PhGnol 108952 Benzene, hydroxy- 1000 1,2,4 U188 C 1000(454) 

Phonol, 2·chlofO- 95578 o-Chlorophenol 2-Chlorophenol 1· 2,4 U048 B 100 (46.4) 

Pheno,I, 4·chloro-3-methyl- 59507 p-Chloro-m-cresol .. 1· 2,4 U039 D 6000 (2270) 
4-Chloro-m-cresol 

Phenol, 2-cyclohexyl-4,6-dinitro- 131895 2-Cyclohexyl-4,6-dinitrophenol 1· 4 P034 B 100 (46.4) 

Phenol, 2,4-dichloro- 120832 2,4-Dichlorophenol 1· 2,4 U081 B 100 (45.4) 

Phenol, 2,6·dichloro 87650 2,6-Dichlorophenol 1· 4 U082 B 100 (46.4) 

Phenol, 4,4'-(1 ,2-diethYI-1 ,2- 56531 Diethylstilbestrol 1· 4 U089 X 1.(0.454) 
.thonediyl)bls-, (E) 

Phenol, 2,4-dimethyl- 105679 2,4-Dimethylphenol 1· 2,4 U101 B 100 (46.4) 

Phenol, 2,4-dinitro- 51285 2,4-Dinitrophenol 1000 1,2,4 P048 A 10 (4.64) 

Phenol, methyl- 1319773 Crosol(s) Cresylic acid 1000 1,4 U052 C. 1000 (464) 

m·Cresol 108394 m-Cresylic' acid 1000 1,4 U052 C 1000 (464) 

o-Crasol 95487 o-Cresylic acid 1000 1,4 U052 C 1000 (464) 

p·Crasol 106445 p-CresYlic acid 1000 1,4 U052 C 1000 (464) 

Phonol, 2-mothyl-4,6-dinitro- 534521 4,6-Dinitro-o-cresol and salts 1· 2,4 P047 A 10 (4.64) 

Phenol, 2,2' -mothylenebis[3,4,S- 70304 Hexachlorophene 1· 4 U132 B 100 (46.4) 
trlchloro-

Phonol, 2-(1-methylpropyl)-4,S- 88857 Dinoseb 1· 4 P020 C 1000 (464) 
dinitfo 
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Phenol, 4-nitro- 100027 p-Nitrophenol 1000 1,2,4 U170 B 100 (46.4) 
4-Nitrophenol 

Phenol, pentachloro- 87866 Pentachlorophenol 10 1.2.4 U242 A 10 (4.64) , 

Phenol. 2,3.4.6-tetrachloro- 58902 2.3,4,6-Tetrachlorophenol 1· 4 U212 A to (4.64), 

Phenol. '2,4.5-trichloro- 96964 2,4,6-Trichlorophenol 10 1,4 U230 A 10 (4.64) 
, 

Phenol, 2,4.6~trichloro- 88062 2,4,6-Trichlorophenol 10 1,2,4 U231 A 10 (4.64) 

Phenol, 2,4,6-trinitro-. ammonium 131748 Ammonium. picrate, 1· 4 P009 A 10 (4.64) 
salt 

" 

L-Phenylalani.ne. 4-[bis{2- 1488'23 Melphalan 1· '4 U160 X 1 (0.464) 
chloroethyl) aminoli 

1.10-( 1 ,2-Phenylene)pyrene 193396 Indeno{ 1 ,2.3-cd)pyrene 1· - 2,4 U137 B 100 (45.4) 

Phenylmercury acetate 62384 Mercllry, (acetato-O)phenyl- , 1· 4 P092 B 100 (46.4) 

. Phenylthiourea 103856 Thiourea. phenyl- 1· 4 P093 B 100 (45.4) 

Phorate 298022 Phosphorodithioic acid, O,O-diethyl 1·' 4 P094 A 10 (4.64) 
S-(ethylthio), methyl ester 

Phosgene 76446 Carbonic dichloride 5000 1A .P095 A 10 (4.64) 
,--

Phosphine. ,,7803612 1· 4 P096 B 100 (45A) 

Phosphoric acid 7664382 6000 1 D ' 6000 (2270) 

. Phosphoric acid, diethyl 4- .311466 Diethyl-p-nirrophenyl phosphate 1· 4 P041 . B 100 (46.4) 
nitrophenyl ester 

Phosphoric acid, lead(2 +) salt 7446277 Lead phosphate' 1· 4 U146 # 
(2:3) 

Phosphorodithioic acid. O,O-diethyl 298044 Disulfoton 1 1,4 P03S X 1 (0.464) 
S-[2-(ethylthio)ethyl)ester 

. Phosphorodithioic acid, ° ,O-diethyl 298022 Phorate 1· 4 P094 A 10.(4.64) 
S-(ethylthio), methyl ester 

.' 

Phosphorodithioic .acid, O,O-diethyl 3288682 ,O,O-Diethyl S-methyl 1· 4 U087 0 5000 (2270) 
S-methyl ester dithiophosphate 

.. 
.. , 

Phosphorodithioic acid, 0,0- 60616 Dimethoate 1· 4 P044 A 10 (4.64) 
dimethyl S-[2(methylamino)-2-
oxoethyl) ester 

Phosphorofluoridic acid. bis( 1- 66914 Diisopropylfluorophosphate 1· 4 P043 B 100 (46.4) 
methyl ethyl) ester 

Phosphorothioic acid, O,O-diethyl 66382 Parathion 1 1,4 P08S A 10 (4.64)· 
0-(4'-nitrophenyl) ester 

Phosphorothioic acid, 0,[4- 52857 Famphur 1· 4 POS7 C 1000 (464t 
[(dimethylamilJo)sulfonyl] 
phenyI]O,O-dimethyl ester 

September 1992 H-33 

NWMAR117577 



Appendix I 

Statutory Final RQ 

- Regulatory Synonyms 
RCRA Cate-

Hazardous Substance CASRN RQ Codet W.te II gory Pounds (Kg) 

Pholphorothlole acid, 0,0- 298000 Methyl parathion 100 1,4 P071 B 100 (46.4) 
dimethyl O-(4-nitrophenyl) estor 

Phosphorothloie acid, O,O-diethyl 297972 o ,O-Diethyl O-pyrazinyl 1· 4 P040 B 100 (46.4) 
O-pyrllzinyl ester phosphorothioate 

Phosphorus 7723140 1 1 X 1 (0.464) 

Phosphorus oxycloride 10026873 6000 1 C 1000 (464) 

Phosphorus pentasulfido 1314803 Phosphorus sulfide 100 1,4 U189 B 100 (46.4) 
Sulfur phosphide I 

Pholphorus sulfide 1314803 Phosphorus pentasulfide 100 J,4 U189 B 100 (46.4) 
Sulfur phosphide 

Pholophorus trichloride 7719122 6000 1 .C 1000 (464) 

PHTHALATE ESTERS N/A 1· 2 •• 

Phthalic anhydride 86449 1,3-lsobenzofurandione 1· 4 U190 0 6000 (2270) 

2-Picoline 109068 Pyridine, 2-methyl- 1· 4 U191 0 5000 (2270) 

Piperldino, 1-nitroso- 100764 N-Nitrosopiperidine 1· 4 U179 A 10 (4.64) 

Plumbano, tetraethyl- 78002 Tetraethyl lead 100 1,4 P110 A 10 (4.64) 

POLYCHLORINATED BIPHENYLS 1336363 10 1,2 X 1 (0.464) 
(PCBs) 

Aroclor 1016 12674112 POLYCHLORINATED BIPHENYLS 
(PCBs) 

Aroclor 1221 11104282 POLYCHLORINATED BIPHENYLS 
(PCBs) 

Aroclor 1232 11141165 POLYCHLORINATED BIPHENYLS 
(PCBs) 

Aroelor 1242 53469219 POLYCHLORINATED BIPHENYLS 
(PCBs) 

Aroelor 1248 12672296 POLYCHLORINATED BIPHENYLS 
(PCBs) . 

Aroelor 1264 11097691 POLYCHLORINATED BIPHENYLS 
(PCBs)· 

Aroeler 1260 11096825 POLYCHLORINATED BIPHENYLS 
(PCBs) 

POLYNUCLEAR AROMATIC N/A 1· 2 •• 
HYOROCARBONS 

Potollium arsenate 7784410 1000 1 X 1 (0.464) 

Potas.ium afsonite 10124502 1000 1 X 1 (0.464) 

Potoscium bichromate 7778509 1000 1 A 10 (4.64) 

Potullum chromate 7789006 1000 1 A 10 (4.54) 
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Potassium cYlinide 161608 Potassium cyanide K (CN) 10 1,4 P098 A 10 (4.64) 

Potassium cyanide K(CN) 161508 Potassium cyanide 10 1,4 POS8 A 10 (4.64) 

Potassium hydroxide 1310683 1000 1 C 1000 (464) 

Potassium permanganate 7722647 100 1 B 100 (46.4) 

Potassium silver cyanide 506616 Argentate(1-), bis(cyano-C)-, 1· 4 P099 X 1 (0.464) 
potassium \ 

Pronamide 23960586 Benzamide, 3.5-dichloro-N-(1, 1- 1· 4 U192 0 5000 (2270) 
dimethyl-2-propynyl)-

Propanal, 2-methyl-2-(methylthio)-, 116063 Aldicarb 1· 4 P070 X 1 (0.454) 
O-[(methylamino)carbonyl)oxime 

1-Propanamine 107108 n-Propylamine 1· 4 U194 0 6000 (2270) 

1-Propanamine, N-propyl~ 142847 Dipropylamine 1· 4 .U110 0 5000 (2270) 

1-Propanamine, N-nitroso-N-propyl- 621.647 ' Di-n-propylnitrosamine 1· 2,4 ui 11 A 10 (4.54) 

Propane, 1,2-dibromo-3-chloro- 96128 1,2-Dibromo-3-chloropropane 1· 4 U066 X 1 (0.464) 

Propane, 2-nitro- 79469 2-Nitropropane 1· 4 U171 A 10 (4.64) 

1,3-Propane sultone 1120714 1,2-0xathiolane, 2,2-dioxide 1· 4 U193 A 10 (4.64) 

Propane, 1,2-dichloro- 78875 Propylene dichloride 5000 1,2,4 U083 C 1000 (454) 
1 ,2-Dichloropropane 

Propanedinitrile 109773 Malononitrile 1·, 4 U149 C 1000 (464) 

Propanenitrile 107120 Ethyl cynide 1· 4 P101 A 10 (4.54) 

Propanenitrile, 3-chloro- 642767 ' 3-Chloropropionitrile 1· 4 P027 C 1000 (454) 

Propanenitrile, 2-hydroxy-2- 76865 Acetone cyanohydrin 10 1,4 P069 A 10 (4.54) 
methyl- 2-Methyllactonitrile 

Propane; 2,2'-oxybis[2-chloro- 108601 Dichloroisopropyl ether 1· 2,4 U027 C 1000 (464) 

1,2,3-Propanetriol, trinitrate- 55630 Nitroglycerine 1· 4 P081 A 10 (4.54) 

1-Propanol, 2,3-dibromo-, 126727 Tris(2,3-dibromopropyl) phosphate .1· 4 U236 A 10 (4.64) 
phosphate (3:1) 

1-Propanol, 2-methyl- 78831 Isobutyl alcohol 1· 4 U140 0 6000 (2270) 

2-Propanone 67541 Acetone 1· 4 U002 0 6000 (2270) 

2-Propanone, 1-bromo- 598312 Bromoacetone r· 4 P017 C 1000 (45;4) 

Propargite 2312358 10 1 A 10 (4.M) 
J 

Propargyl alcohol 107197 2-Propyn-1-ol 1· 4 P102 C 1000 (464) 

2-Propenal 107028 Acrolein '1 1,2,4 POO3 X 1 (0.464) 

2-Propenamide 79061 Acrylamide 1· 4 U007 0 5000 (2270) , 
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1-Propono, 1,1,2,3,3,3- 1888717 Hexachloropropene 1· 4 U243 C 1000 (464) 
hoxachloro-

1-Propcmo, 1,3-dlchloro- 542756 1,3-Dichloropropene 5000 1,2,4 U084 B 100 (45.4) 

2-Propononitrile 107131 Acrylonitrile 100 1,2,4 UOO9 B 100 (45.4) 

2-Propenonitrilo, 2-methyl- 126987 Methacrylonitrile 1· 4 U152 C 1000 (464) 

2·Proponoic acid 79107 Acrylic acid 1· 4 UOO8 0 5000 (2270) 

2-Proponoio acid, ethyl ester 140885 Ethyl acrylate 1· 4 Ul13 C 1000 (464) 

2-Propenolo acid, 2-methyl-, ethyl 97632 Ethyl methacrylate 1· . 4 U118 C 1000 (454) 
.ater 

2·Proponolo acid, 2-methyl-, 80626 Methyl methacrylate 5000 1,4 U162 C 1000 (464) 
mothy'l eater 

2-Propen-1-ol 107186 Allyl alcohol 100 1,4 POO5 B 100 (45.4) 

Propionlc acid 79094 5000 1 0 5000 (2270) 

Propionic acid, 2-(2,4,5- 93721 Silvex (2,4,5-TP) 100 1,4 U233 B 100 (45.4) 
trlchlorophonoxyl~ 2,4,5-TP acid 

Propionic anhydride 123626 5000 1 D 5000 (2270) 

n·Propylomlno 107108 l-Propanamine 1· 4 U194 0 5000 (2270) 

Propylene dichloride 78875 Propene, 1,2-dichloro- 5000 1,2,4 U083 C 1000 (464)' 
1,2-Dichloropropane 

Propylono oxide 75569 5000 1 B 100 (45.4) 

1,2-Propylonlmlne 75558 Aziridine, 2-methyl- 1· 4 P067 X 1 (0.464) 

2-Propyn-1-o1 107197 Propargyl alcohol 1· 4 Pl02 C 1000 (454) 

Pyrone 129000 1· 2 D 5000 (2270) 

Pyrothrins 121299 1000 1 X 1 (0.464) 

121211 1000 1 X 1 (0.464) 

8003347. 1000 1 X 1 (0.464) 

3,S·Pyrldozlnedlono, 1,2-dihydro- 123331 Maleic hydrazide 1· ,4 U148 D 6000 (2270) 

4-Pyrldfnllmine 504245 4-Aminopyridine 1· 4 POO8 C 1000 (454) 

Pyrld,ine 110861 1· 4 U196 C 1000 (464) 

Pyridine, 2-methyl- 109068 2-Picoline 1· 4 U191 0 5000 (2270) 

Pyrldino, S·(1-methyl-2- 64115 Nicotine, & salts 1· 4 P075 B 100 (45.4) 
pyrrolidinylh (5) 

2,4-(1 H,3H)-Pyrimidinediono, 6- 66761 Urecil mustard 1· 4 U237 A 10 (4.54) 
Ibls(2-chloroothyl)amino]-

4(1 H)·Pyrimldinone, 2,3-dihydro-6- 66042 Methylthiouracil 1· 4 Ul64 A 10 (4.54) 
mothyl-2-thloxo-
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Pyrrolidine, ,1-nitroso- 930662 N-Nitrosopyrrolidine 1· 4 U180 X 1 (O.464) 

Quinoline 91226 1000 1 D 6000 (2270) 

RADIONUCLIDES N/A " 1· 3 § 

Reserpine 60666 Yohimban-16-carboxylic acid, 1· 4 U200 D 6000 (2270) 
11,17-dimethoxy-18-[{3,4,6-
trimethoxybenzoylloxy-, methyl 
ester (3beta, 16beta, 17alpha, 
18beta, 20alpha)-

Resorcinol 108463 1,3-Benzenediol 1000 1,4 U201 D 6000' (2270) 

Saccharin and salts 81072 1,2-Benzisothiazol-3(2H)-one, 1,1- 1·, 4 U202 B 100 (46.4) 
dioxide 

Safrole 94697 1,3-Benzodioxole, 5-(2-propenyll-' 1· 4 U203 B 100 (45.4) 

Selenious acid 7783008 1· 4 U204 A 10 (4.64) 

Selenious acid, dithallium t 1 +) salt 12039620 Thallium selenite 1· 4 P114 C 1000 (464) 

Seleniumtt 7782492 1· 2 B 100 (45.4) 

SELENIUM AND COMPOUNDS N/A 1· 2 •• 

Selenium dioxide 7446084 Selenium oxide 1000 1,4. U204 A 10 (4.64) 

Selenium oxide 7446084 Selenium dioxide 1000 1,4 U204 A 10 (4.64) 

Selenium sulfide 7488564 Selenium sulfide SeS2 1· 4 U205 ' A 10 (4',54) 

Selenium' sulfide SeS2 7488664 Selenium sulfide 1· 4 U206 A 10(4.64) 

Selenourea 630104 1· 4 P103 C 1000 (464) 

L-Serine, diazoacetate (ester) 116026 Azaserine 1· 4 U016 X 1 (0.464) 

Silvertt 7440224 1· 2 C 1000 (464) 

SILVER AND COMPOUNDS N/A 1· 2 .*' 
\ 

Silver cyanide 606649 Silver cyanide Ag(CN), 1· 4 P104 X 1 (0.464) 

Silver cyanide Ag (eN) 606649 Silver cyanide 1· 4 P104 X 1 (0.464) 

Silver nitrate 7761888 1 1 X 1 (0.464) 

Silvex (2,4,6-TP) 93721 Propionic acid, 2-(2,4,6- . 100 1,4 U233 B 100 (45.4) 
trichlorophenoxy)-
2,4,6-TP acid 

Sodium 7440236 1000 1 A 10 (4.64)' 

Sodium arsenate 7631892 1000 1 X 1 (0.464) 

Sodium arsenite 7784466 1000 1 X i (0.464) 

Sodium azide 26628228 ,. 4- P106 C 1000 (464) 

Sodium bichromate 10588019 1000 1 A 10 (4.54) 
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Sodium bifluoride 1333831 6000 1 B 100 (46.4) 

Sodium blsutfite 7631906 6000 1 0 6000 (2270) 

Sodium chromate 7776113 1000 1 A 10 (4.64) 

Sodium cyanide 143339 Sodium cyanide Na<'CN) 10 1,4 P106 A 10 (4.64) 

Sodium cyanide Na (CN) 143339 Sodium cyanide 10 1,4 P106 A 10 (4.64) 

Sodium dodocylbenzenesulfonate 26166300 1000 1 C 1000 (464) 

Sodium fluoride 7681494 6000 1 C 1000 (464) 

-
Sodium hyckosulfide 16721806 6000 1 0 6000 (2270) 

Sodium hydroxida 1310732 1000 1 C 1000 (464) 

Sodium hypochlorite 7681629 100 1 B 100 (45.4) 

10022706 100 1 B 100 (45.4) 

Sodium methylate 124414 1000 1 C 1000 (454) 
.. 

Sodium nitrite 7632000 100 1 B 100 (45.4) 

Sodium phosphate, dibasic 7668794 6000 1 0 6000 (2270) 

10039324 6000 1 0 5000 (2270) 

10140666 6000 1 D 5000 (2270) 

Sodium phosphate, tribasic 7601649 6000 1 0 6000 (2270) 

-7768294 5000 1 0 6000 (2270) 

7786844 6000 1 0 ' 6000 (2270) 

10101890 6000 1 0 6000 (2270) 

10124668 
, 

6000 1 0 6000 (2270) 

10361894 6000 1 0 6000 (2270) 

Sodium selenite 10102188 1000 1 B 100 (46.4) 

7782823 

Streptozotocin 18883664 D-Glucose, 2-deoxy-2- 1· 4 U206 X 1 (0.464) 
[[(methylnitrosoamino)-carbonyl) 
amino]-
Glucopyranose, 2-deoxy-2-(3-
methyl-3-nitrosoureido)-

Strontium chromate 7789062 1000 1 A 10 (4.64) 

Strychnidin-10-0ne 67249 Strychnine, & salts 10 1,4 ,P108 ,A 10 (4.64) 

Strychnidio-10-00e, 2,3- 367673 Brucine 1· 4 P01S B 100 (45.4) 
dimllthoxy-

Strychnine, &. salts 67249 Str'lchnidin-10-one 10 1,4 P108 A 10 (4.64) 
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Styrene 100426 1000 1 C 1000 (464) 

Sulfur monochloride 12771083 1000 1 C 1000 (464) 
"' 

Sulfur' phosphide 1314803 Phosphorus penta sulfide 100 1,4 U189 8 100 (46.4) 
Phosphorus sulfide 

Sulfuric acid 7664939 10Qq 1 C 1000 (464) 

8014967 1000 1 C 1000 (464) 

Sulfuric acid,. dithallium (1 +) salt 7446186 Thallium (I) sulfate 1000' 1,4 P116 B 100 (46.4) 

10031691 1000 -1,4 P116 B 100 (46.4) 

Sulfuric acid, dimethyl ester 77781 Dimethyl sulfate 1· 4 Ul03 B 100 (45.4) 

2,4,6-T acid 93766 Acetic acid, (2,4,6- 100 1,4 U232 C 1000 (464) 
trichlorophenoxy) 
2,4,6-T 

2,4,6-T amines 2008460 100 1 0 6000 (2270) 

1319728 100 1 0 6000 (2270) 

3813147 100 1 0 . 6000 (2270) " 

6369966 100 1 0 5000 (2270) 

6369977 100 1 0 5000 (2270) 

2,4,5-Testers 93798 100 1 C 1000 (464) 

1928478 100 1 C 1000 (464) 

2646697 100 .1 C 1000 (454) 

25168154 100 1 C 1000 (454) 

61792072 100 1 C 1000 (454) 

13560991 
\ 

2,4,5-T salts , ·100 1 C 1000 (454) 

2,4,6-T 93766 Acetic a6id,' (2,4,6- 100 1,4 U232 C 1000 (454) 
trichlorophenoxy) 
2,4,5-T acid 

---
TOE 72548 Benzene, 1,1 '-(2,2- 1 1,2,4 U060 X 1 (0.454) 

dichloroethylidene}bis[ 4-chloro-
DOD 4,4' DOD 

1,2,4,5-Tetrachlorobenzene 95943 Benzene, 1,2,4,6-tetrachloro- 1· 4 U207 0 5000 (2270) 

2,3,7,8-Tetrachlorodibenzo"p- 1746016 1· 2 X 1 (0.464) 
dioxin (TCOO) 

1,1,1,2-Tetrachloroethane 630206 Ethane, 1,1,1 ,2-tetrachloro- 1· 4 U208 B 100 145.4) 

1,1,2,2-Tetrachloroethane 79345 Ethane, 1,1 ,2,2-tetrachloro- 1· 2,4 U209 B 100 (45.4) 
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Tetrachloroethene 127184 Ethene, tetrachloro- 1· 2,4 U210 B 100 (46.4) 
Perchloroethylene -Tetrachloroethylene 

Tetrachloroethylene • 127184 Ethene, tetrachloro- 1· 2,4 U210 B 100 (46.4) 
Perchloroethylene 
Tetrachloroethene 

2,3,4,6-Tetrachlorophenol 68902 Phenol, 2,3,4,6-tetrachloro- 1· 4 U212 A 10 (4.64) 

Totraethyl lead 78002 Plumbane, tetraethyl- 100 1,4 P110 A 10 (4.64) 

Tetraothyl pyrophosphate 107493 Diphosphoric acid, tetraethyl ester 100 1,4 ' P111 A 10 (4.64) 

Telraethyldithlopyrophosphete 3689246 Thiodiphosphoric acid, tetraethyl 1· '4 P109 B 100 (46.4) 
ester 

Totrahydrofuran 109999 Furan, tetra hydro- 1· 4 U213 C 1000 (464) 

Totranftromethane 609148 Methane, tetra nitro- 1· 4 P112 'A 10 (4.64) 

Tetraphosphorlc acid, hexaethyl 757684 Hexaethyl tetraphosphoate 1· 4 P062 B 100 (46.4) 
eller 

Theltic oxide 1314326 Thallium oxide TI203 1· 4 P113 B 100 (46.4) 

ThaIUumtf 7440280 1· 2 C 1000 (464) 

Thallium and compounds N/A 1· 2 .. 
Thallium (I) acetate 663688 Acetio acid, thallium (1 +) salt 1· 4 U214 B 100 (46.4) 

Thallium (\) carbonate 6633739 Carbonic acid, dithallium (1 +) salt 1· 4 U216 B 100 (46.4) 

Thallium (I) chloride 7791120 . Thallium chlorice TICI 1· 4 U216 B 100 (46.4) 
" 

Thallium chloride TICI 7791120 Thallium (I) chloride 1· 4 U216 B 100 (46.4) 

ThalUum (I) nitrate 10102461 Nitric acid, thallium (1 +) salt 1· 4 U217 B 100 (46.4) 

Thaillium oxide TI203 1314326 Thallic oxide 1· 4 P113 B 100 (46.4) 

Thallium selenite 12039620 Selenious acid, dithallium (1 +) salt ,1· 4 P114 C 1000 (464) 

Thtllium (I) sulfate 7446186 Sulfuric acid, dithallium (1 +) salt 1000 1,4 P116 B 100 (46.4) 

10031691 1000 1,4 P116 B 100 (46.4) 

Thloacetamide 62666 Ethanethioamide 1· 4 U218 A 10 (4.64) 

Thiodiphosphoric acid, tetraethyl 3689246 Tetraethyldithiopyrophosphat~ 1· 4 P109, B 100 (46.4) 
oster 

Thlofanox 39196184 2-Butanone, 3;3-dimethyl-1- 1· 4 P046 B 100 (46.4) 
(methylthio)-, O[{methylamino) 
carbonyl) oxime 

Thlolmldodicarbonic diemide 641637 Dithiobiuret 1· 4 P049 B 100 (46.4) 
«H2N)C(S)) 2NH 

Thlomethllnol 74931 Methanethiol 100 1,4 U163 B 100 (46.4) 
Methylmercaptan 
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- RCRA Cata-
Hazardous Substance 0 CASRN Regulatory Synonyms RQ Codet Wasta II gory Pounds (Kg) 

Thioperoxydicarbonic diamide 137268 Thifam 1· 4 U244 A 10 (4.64) 
[(H2N)C(S)) 2S2, tetramethyl-

Tbiophenol 108986 Benzenethiol 1· 4 P014. B 100 (46.4) 

Thiosemicarbazide 79196 Hydrazinecarbothioamide 1· '4 P116 ' B 100 (46.4) 

Thiourea 62666 1· 4 U219 A 10(4.64) 

Thiourea, (2-chlorop,henyl)- 6344821 1-( o-Chlorophenyl)thiourea 1· 4 P026 B 100 (46.4)' 
. 

Thiourea, l-naphthalenyl- 86884 alpha-Naphthylthiourea 1· 4 P072 B 100 (46.4) 

Thiourea, phenyl- 103866 Phenylthiourea 1· 4 P093 B 100 (46.4) 

Thiram 137268 Thloperoxydicarbonic diamide 1· 4 U244 A 10 (4.64) 
((H2N)C(S)) 2S2, tetra methyl-

Toluene 108883 Benzene, methyl- 1000 1,2,4 U220 C 1000 (464) 

Toluenediamine 96807 Benzenediamine, ar-methyl- 1· 4 U221 A 10 (4.64) 

496720 1· 4 . U221 A 10 (4.64) 

823406 1· 4 ' U221 A 10 (4.64) 

25376468 1· 4 U221 A 10 (4.64) 

Toluene diisocyanate 684849 ' Benzene, 1 ,3-diisocYanatomethyl~ 1· 4 U223 , B 100 (46.4) 

91087 1· 4 U223 B 100 (46.4) 

26471626 1· 4 U223 B 100 (45.4) 

a-Toluidine 96634 Benzenamine, 2-methyl- 1· 4 U328 S' 100 (46.4) 

p-Toluidine 106490 Benzenamine, 4-methyl- 1· 4 U.363 B 100 (46.4) 

o-Toluidine hydrochloride 636216 Benzenamine,2-methyl-, 1· 4 U222 B 100 (4,6.4) 
hydrochloride 

Toxaphene 8001362 Camphene, octachloro- 1· 1,2,4 P123 X 1 (0.464) 

2A,5-TP acid 93721 Propionic acid 2-(2,4,6- 100 1,4 U233 B 100 (46.4) 
trict:alorophenoxy)-
Silv/3x (2,4,6-TP) 

2,4,6-TP esters 32634966 100 1 B 100(46.4) 

1 H-l ,2,4-Triazol-3-amine 
, 

61826 Amitrole' 1· 4 U011 A 10 (4.64) 

Trichlorfon 62686 1000 '1 B 100 (46.4) 
.. 

1,2,4-Trichlorobenzene " 120821 1· 2 B 100 (46.4) 

1,1,1-Trichloroethane 71666 Ethane, 1,1 i l-trichloro- 1· 2,4 U226 C 1000 (464) 
Methyl chloroform 

1,1,2-Trichloroethane 79006 Ethane, 1, l,2-trichloro- 1· 2,4 U227 B 100 (46.4) 

Trichloroethene 79016 Ethene, trichloro- 1000 1,2,4 U228 B 100 (46.4) 
Trichloroethylene 
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- RCRA Cate-
Hazardous Substance CASRN Regulatory Synonyms RQ Codet w .... II gory Pounchl (Kg) 

Trlchloroothylono 79016 Ethane, trichloro- 1000 1,2,4 U228 B ' 100 (46.4) 
Trichloroethene 

Trichloromothanesulfenyl chloride 694423 Metha'nesulfenyl chloride, trichlon>- 1· 4 P118 B 100 (46.4) 

Trlchloromonofluoromethane 76694 Methane, trichlorofluoro- 1· 4 U121 0 6000 (2270) 

Trlchlorophonol 26167822 10 1 A 10 (4.64) 

2,3,4-Trichlorophenol 16960660 10 1 A 10 (4.64) 

2,3,5·Trlchloropheno/ 933788 10 1 A 10 (4.64) 

2,3,S·Trlchlorophenol 933766 10 1 A 10 (4.64) 

2.4, G-Trichlorophonol 96964 Phenol, 2,4,6-trichloro- 10· 1,4 U230 A 10 (4.64) 

2.4,6-Trichlorophenol 88062 Phenol, 2,4,6-trichloro- 10· 1,2,4 U231 A 10 (4.64) 

3,4,5-Trichlorophenol 609198 -

2,4,6·Trichlorophonol 96964 Phenol, 2,4,6-frichloro: 10· 1,4 U230 A 10 (4.54) 
-

2,4,S·Trichlorophenol 88062 Phenol, 2,4,6-trichloro- 10 1,2,4 U231 A 10 (4.64) 

Triethanolamine 27323417 1000 1 C 10pe (464) 
dodocylbenzenesulfonate 

Triethylamine 121448 6000 1 0 6000 (2270) 

Trimethylamine 76603 1000 1 B 100 (46.4) 

1,3,5-Trinitrobonzeno 99364 Benzene, 1,3,6-trinitro- 1· .4 U234 A 10 (4.64) 

1,3,6· Ttloxane, 2,4,6-trimethyl- 123637 Paraldehyde 1· 4 U182 C 1000 (464) 

Trla(2,3.dlbromopropyl) phosphate 126727 1-Propanol, 2,3-dibromo-, 1· 4 U236 A 10 (4.54) 
phosphate [( 3: 1 ) 

Trypan bluo 72671 2,7-Naphthalenadisulfonic acid, 1· 4 U236 A 10 (4.64) 
3,3'-3,3'-dimethyH1,1 '-biphenyl)-
4,4'-diyl)-bis(azo}]bis(6-amino-4-
hydroxy)-tetrasodium salt 

Unlisted Hazardous Wastes N/A 1· 4 0002 B 100 (46.4) 
Characteristic of Corroslvity 

Unlisted Hazardous Wastes N/A 1 • 4 
Characteristics: 
CharActeristic of Toxicity: 

Ar8lnic (0004) N/A ·1 4 0004 X 1'(0.454) 

Barium (0005) N/A ·1 4 0006 C 1000 (464) 

Benzone (0018) N/A 1000 1,2, 0018 A 10 (4.64) 
3,4 

Cadmium (0006) N/A ·1 4 0006 A 10 (4.64) 

Corbon tetrachloride (0019) N/A 5000 1,2,4 0019 ,A 10 (4.54) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet Wut.1I gory Pounds (Kg) 

Chlordane (D020) N/A 1 1,2,4 D020 X 1 (0.454) 

Chlorobenzene (D021) N/A 100 1,2.4 D021 B ,100 (46.4) 

Chloroform (D022) N/A 6000 1,2.4 D022 A 10 (4.54) 

Chromium (D007) N/A ·1 4 D007 A 10 (4.54) 

o-Cresol (D023) N/A 1000 1,4 D023 C 1000 (454) 

m-Cresol (D024) N/A 1000 1.4 D024 C 1000 (464) 

p-Cresol (D026) N/A 1000 1,4 D025 C 1000 (464) 

Cresol (D026) iN/A 1000 1,4 D026 C 1000 (454) 

2,4-D (D016) N/A 100 1,4 D016 B 100 (46.4) 

1,4-Dichlorobenzene (D027) N/A 100 1,2,4 D027 B 100 (46.4) 

1,2-Dichloroethane (D028) , N/A 6000 1,2,4 D028 B 100 (46.4) 

1,1-Dichloroethylene (D029) N/A " '5000 1,2.4 D029 B 100 (46.4) 

2A-Dinitf;0toluene (D030) 'N/A 1000 1,2,4 D030 A 10 (4.64) 

Endrin {D012) N/A , 1 1,4 D012 X 1 (0.464) 

Heptachlor (and epoxide) (D031) N/A 1 1,2,4 D031 X 1 (0.464) 

Hexachlorobenzene (D032) N/A ·1 2,4 D032 A 10 (4.54) 

Hexachlorobutadiene (D033) N/A , ·1 2.4 D033 X 1, (0.454) 

Hexachloroethane (D034) N/A 
" 

·1 2.4 D034 B 100 (45.4) 

Lead (D008) N/A ·1 4 0008 (#) 

Lindane (D013) N/A 1 1.4 D013 X 1 (0,464) 

. Mercury (D009) N/A ·1 4 D009 X 1 (0.454) 
.. 

Metpoxychlot (D014) N/A 1 1,4 D014 X 1 (0.454) 

Methyl ethyl ketone (D035) N/A ·1 4 D035 D 5000 (2270) 

Nitrobenzene (D036) N/A 1000 1,2.4 D036 C 1000 (454) 

Pentachlorophenol (D037) N/A - 0037 
. , 

10 1,2,4 A 10 (4.64) 

Pyridine (D038) N/A ·1 4 D038 C 1000 (464) 

Selenium (D010) N/A ·1 4 D010 A 10 (4.64) 

Silver (D011) N/A ·1 4 D011 X 1 (0.454) 

Teterachloroethylene (D039) N/A ·1 2',4 , D039 B 100 (45.4) , 

Toxaphene (D016) N/A 1 1,4 D015 X 1 (0.454) 

Trichloroethylene (D040) N/A 1000 1,2,4 D040 B 100 (46.4) 

2,4,5-Trichlorophenol (D041) N/A 10 1,4 D041 A 10 (4.54) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet Waste II gory Pound. 'Kg) 

2,4,S-Trichlorophenol (0042) N/A 10 1,2,4 0042 A 10 (4.64) 

2,4,6-TP (0017) N/A 100 1,4 0017 B 100 (45.4) 

Vinyl chloride (0043) N/A ·1 2,3,4 0043 X 1 (0.464) 

Unlllted Hezerdous Wastes N/A 1· 4 0001 B 100 (45.4) 
Characteristic of Ignitability . 

Unlisted Hazerdous Wastes N/A 1· 4 0003 B 100 (46.4) 
Characteristic of Reactivity 

Utacl1 mUlterd 66751 2,4-( 1 H,3H)-Pyrimidinedione, 5- 1· 4 U237 A 10 (4.54) 
[bis(2-chloroethyllemino]- . 

Utenyl acetato 6411093 6000 1 B 100'(46.4) 

Uranyl nitrate 10102064 6000 1 B 100 (46.4) 

36478769 B 

Uraa, N·athyl·N·nitroso- 759739 N-Nitroso-N-ethylurea 1· 4 U176 X 1 (0.464) 

Urea, N·mathyl·N·nitroso 684936 N-Nitroso-N-methylurea 1· 4 U177 X 1 (0.464) 

Vonadtc acid, ammonium selt 7803566 Ammonium vanadate 1· 4 P119 C 1000 (454) 

VanatrlUm oxide V206 1314621 Vanadium pentoxide 1000 1,4 P120 C 1000 (454) 

Vanadium pantoxide 1314621 Vanadium oxide V205 1000 . 1,4 P120 C 1000 (454) 

Vanadyf sulfato 27774136 1000 1 C 1000.(454) 

Vi-nyl chloride 76014 Ethane, chloro- 1· 2,3,4 U043 X 1 (0.454) 

Viny'l acotato 108054 Vinyl acetate monomer 1000 1 0 6000 (2270) 

Vinyl acetote monomer 108054 Vinyl acetate 1000 1 0 6000 (2270) 

Vmylamine, N·mathyl-N-nitroso- 4649400 N-Nitrosomethylvinylamine 1· 4 P084 A 10 (4.64) 

Vinylldona chloride 75364 Ethane, 1, 1-dichloro- 5000 1,2,4 U078 B 100 (46.4) 
1 ,1-0ichloroethylene 

Warfarin, lit salts, when present at 81812 2H-1-Benzopyran-2-one, 4- 1· 4 P001 B 100 (45.4) 
concantrations greater than 0.3% hydroxy-3-(3-oxo-1-phenyl-butyl)-, 

&. salts, whan present at 
concentrations greater than 0.3% 

Xylone (mixed) 1330207 Benzene, dimethyl 1000 1,4 U239 C 1000 (464) 

m·Banzono, dimethyl 108383 m-Xylene 1000 1,4 U239 C 1000 (464) 

o·Banzene, dimathyl 95476 o-Xylene 1000 1,4 U239 c 1000 (464) 

p-Benzeoo, dimathyl 106423 p-Xylene 1000 1,4 U239 C 1000 (464) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet Wast. II gory Pounds (Kg) 

Xylenol 1300716 1000 1 C 1000 (464) 

Yohimban-16-carboxylic acid, 50555 Reserpine " 1· 4 U200 D 6000 (2270) 
11,17-dimethoxY-18-[(3,4,5- . , 

trimethoxybenzoylloxyl-, methyl 
, 

ester (3beta, 16beta, 17alplia, 
18beta,20alpha)-. 

: 
Zinctt 7440666 1· 2 C 1000 (464) 

ZINC AND COMPOUNDS NIA 1· ". 2 •• 

Zinc acetate 667346 1000 1 C 1000 (464) 
. 

Zinc ammonium chloride 62628268 5000 1 C 1000 (454) 

14639976 5000 1 C 1000 (464) 

14639986 5000 1 C 1000 (454) 

Zinc horate 1332076 1000 1 C 1000 (464) 

Zinc bromide 7699468 6000 1 C 1000 (464) 

Zinc carbonate 3486369 1000 1 ~ 1000 (464i 

Zinc chloride 7646857 6000 1 C 1000 (464) 

Zinc cyanide . 557211 Zinc cyanide Zn(CN}2 10 1,4 P121 A 10 (4.54) 

Zinc cyanide Zn(CN)2 667211 Zinc cyanide 10 1,4 P121 A 10 (4.54) 

Zinc fluoride 7783496 1000 1 C 1000 (454) 

Zinc formate 667415 1000 1 C 1000 (454) 

Zinc hydrosulfite 7779864 1000 1 C 1000 (464) 

Zinc nitrate 7779886 5000 1 C 1000 (464) 

Zinc phenolsulfonate , 127822 5000 1 0 , 6000 (2270) 

Zinc phosphide 1314847 Zinc phosphide Zn3P2, when 1000 1,4 P,122 B 100 (45.4t 
present at concentrations greater 

.. 

than 10% 

Zinc phosphide Zn3P2, when 1314847 Zinc phosphide 1000 1,4 P122 B 100 (45.4) 
present at concentrations greater 
than 10% 

Zinc silicofluoride " 16871719 5000 1 D 5000 (2270) 
,. 

Zinc sulfate . 7733020 1000 1 C 1000 (454) 

Zirconium nitrate , 13746899 6000 1 D 5000 (2270) 

Zirconium potassium fluoride 16923968 5~ 1 C 1000 (464:1 

Zirconium sulfate 14644612 5000 1 ·0 6000 (2270) 

Zirconium tetrachloride 10026116 5000 1 D" - 5000 (2270) 
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Hazardous Substance Regulatory Synonyms RQ Cadet' Waste 1/ gory Poun. CKgl 

FOO1 1· 4 FOO1 A 10 (4.64) 

The following spent halogenated 
colvents ulled In degreasing; all , 
splint solvent mixtures/blends used 
in degrealling containing, before -
UI., (I total of ten percent or more 
(by volume) of one or more of the 
obove hologenated solvents or 
tholo solvents listed in F002, 
FOO4, and F006; and still bottoms 
from the recovery of these spent 
solvonte and spent solvent . 
mlxturos. 

(0) Tetrachloroethylene 127184 1 • 2,4 U210 8 100 (46.4, 

(b) Trichloroethylene 79016 1000 1,2.4 U228 8 100 (46.4) 

(c) Methylene chloride 75092 1· 2.4 U080 C 1000 (454) 

(d) 1,1,1-Trlchloroethene 71556 1· 2.4 U226 c 1000 (464) 

(e) Carbon. tetrachloride ,56235 5000 1.2,4 U211 A 10 (4.64) 

(f) Chlorinated fk.torocarbons N/A 0 6000 (2270) 

F002 1· 2,4 F002 A 10 (4.64) 

Tha following spent hl!logenated 
solvents: all spent solvent 
mlxtureslblends c'ontalning, before 
use, 0 totol of ten percent or more 
(by volume) of ono or more of the 
above halogenoted solvents or " 

those solvents listed in 
FOO2,FOO4, end FOO5; end still 
bottoms from the recovery of 
thollo spent solvents end spent 
lolvent mixtures. 

(0) Tetrllcholoroothylene 127184 1· 4 U210 8 100 (45.4) 

(b) Methylene chloride 75092 1· 2,4 U080 C 1000 (464) 

(c) Trichloroethylene 79016 1000 1,2,4 U228 8 " 100 (46.4) 

(d) 1,1, 1-Trlchloroethane 71556 1· 2.4 U226 C 1000 (464) 

(e) Chlorobenzene 108907 100 1,2.4 U037 8 100 (46.4) 

(f) 1,1,2-Trichloro-1,2,2- 76131 0 6000 (2270) 
trifluoroothano 

(g) o·Olllchlorobenzene 95601 100 1,2,4 U070 8 100 (46.4) 

(h) Trlchlorofluoromethane 75694 1· 4 U121 0 6000 (2270) 

(I) 1, 1,2-Trfchloroothano 79006 1· 2.4 U227 B 100 (46.4) 

FOOS 1· 4 F003 B ,100 (46.4) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet Wutell gory Pounds (Kg) 

The following spe\'lt non-
halogenated solvents and the still 
bottoms from the recovery of . 
these solvents: 

(a) XylE!ne 1330207 C 1000 (464) 

(b) Acetone 67641 0 5000 (2270) 

(c) Ethyl acetate 141786 0 5000 (2270) 

(d) Ethylbenzene 100414 C 1000 (464) 

. ' 

(e) Ethyl ether 60297 , - B 100 (45.41 

(f) Methyl isobutyl ketone 108101 0 5009 (2270) 
-

(g) n-Butyl alcohol 71,363 0 5000 (2270) 
, 

(h) Cyclohexanone 108941 0 5000 (2270) 

(i) Methanol 67561 0 5000 (2270) 

FOO4 1· 4 FOO4 C 1000.(464) 

The following spent non-
halogenated solvents and the still 
bottoms from the recovery of ' 
these solvents: 

, (a) Cresols/Cresylic acid 1319773 1000 1,4 U062 C 1000(464) 

(b) N!trobenzene 98963 1000 1,2,4 U169 C 1000 (454) 

F006 1· 4 F005 B 100 (45.4) 

The following spent non-
halogenated solvents and the still 
bottoms from the rec!'very of 
these solvents: 

(a) Toluene 108883 1000 1,2,4 U220 C 1000 (464) 

{bl Methyl ethyl ketone 78933 1· 4 U159 0 5000 (2270) 

(c) Carbon disulfide 75160 5000 1,4 P022 B 100 (45.4) 

(d) Isobutanol 78831 1· 4 U140 0 6000 (2270) 

(e) Pyridine 110861 1· 4 U196 C 1000 (464) 

F006 1· 4 F006 A 10 (4.64) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet Waste II gory Pounda (Kg) 

WIIIltOwater treatment sludges 
from electroplating operations 
except from the following 
processes: (1) sulfuric acid 
anodizing of aluminum, (2) tin 
p'-tlng on carbon steel, (3) zinc 
plating (segregated basis) on 
carbon steel, (4) aluminum or zinc-
aluminum plating on ca,rbon steel, 
(6) cleaning/stripping associated 
with tin, zinc end aluminum plating 
on cerbon steel, and (5) chemicel 
atchlng and milling of aluminum. . 

FOO7 1 " 4 F007 A 10 (4.64) 

Spont cyanide pletlng bath 
solutions from olectropleting 
operations. 

FOOB 1" 4 FOOB A 10 (4.64) 

Plating bath residues from the 
bottom of plating baths from 
elilictroplating operations where 
cYlmldos are used In the process. 

FOO9 1· 4 FOO9 A 10 (4.64) 

Spont stripping and cleaning bath 
solutloO$ from electroplating 
operlltlons where cyanides are 
ulad in the process. 

F010 1" 4 F010 A 10 (4.64) 

Quenching beth residues from oil 
boths from metal heat treating 
opecatlons where cyanides are 
usod In the process. 

F011 1 " 4 F011 A 10 (4.64) 

Sp~nt cyanide solution from selt 
bath pot cleening from metel heat 
troatlng operations. 

F012 '" 4 F012 A 10 (4.64) 

Quenching wastewater treatment 
sludges from metal heet treating 
oporatlons Where cyanides ere 
ulIId In the process. 

F019 1 4 F019 A 10 (4.64) 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet W .. te# gory PounCla (Kg' 

Wastewater treatment sludges 
from the chemical,conversion 

, 

coating of aluminum except from 
zirconium phosphating in aluminum 
can washing when such 
phosphating is an exclusive 
conversion coating process. 

, 
F020 1· 4 F020 X, 1 (0.464) 

Wastes (eXcept wastewater and 
spent carbon from hydrogen 
chloride purification) fro'm the -
production or manufacturing use 
(as a reactant, chemical 
intermediate, or component in a 
formulating process) of tri-or-
tetrachlorophenol, or of 
intermediates used to produce 
their pesticide derivatives. (This 
listing does not include wastes 
from the production of 
hexachlorophene from highly 
purified 2,4,6-trichlorophenol.) 

F021 1· ,4 F021 X 1 (0.464) 

Wastes (except wastewater and 
spent carbon from hydrogen , 

chloride purification) from the 
production or manufacturing use ' 
(as Ii reactant, chemical 
intermediate, or component in a 
formulating process) of 
pentachlorophenol, or of 
intermediates used to produce its 
derivatives. " 

F022 1· 4 F022 X 1 (0.464) 

Wastes (except wastewater and 
spent carbon from hydrogen 
chloride purification) from the 
manufacturing use (as a reactant, 
chemical intermediate, or 
component in a formulating 
process) of tetra-, penta-, or , 

hexachlorobenzenes under alkaline 
conditions. 

-F023 . ;, 1· 4 F023 X 1 (0.464) 

/ 
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Hazardous Substance CASRN Regulatory Synonyms RQ Codet W.te# gory Poun«t. (Kg! 

Waatos (except wastewater and 
spant: carbon from hydrogen 
chlOrida purification) from the 
production of materials on 
equipment previously used for the 
prock.rctlon or menufecturing use 
(ac a reactant, chemical 
Intermedlato, or component In a 
formulating process) of tri- and 
totrachlorophenols. (This listing 
do .. not include westes from 
equipment used only for tho 
prock.rctlon or use of -
hexachlorophene from highly 
purified 2,4,6·tri·chlorophenol.) 

F024 1· 4 F024 X 1 {O.464} 

Waates, Including but not limited 
to distillation residues, heevy ends, 
ta'l'#, a,nd reactor cleanout wastes, 
from tho production of chlorinated , 
aliphatic hydrocarbons, having 
carbon c,ontont from one to five, 
utilizing frea radical cetelyzed 
procoasec. (This listing does not 
Include light ends, spent filters and 
filtar aids, spent dessicants(slc), 
w.stewater,wastewater 
traatment sludgas. spent cetalysts. 
and wastes listed in Section 
261.32.) 

F026 1· 4 F026 X ##1 (O.464) 

Condensed light ends, spent filters 
and filter aids, and spent dessicant 
waatos from the production of 
cortaln chlorl08ted aliphatic 
hydtocarbons, by free radical 
catalyzed processes. These 
chlorineted aliphatic hydrocerbons 
ar. those having carbon chain 
lengths ranging from one to end 
InckJdlng fiv., with varying 
amounts and positions of chlorine 
subCItitution. 
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F026 1· 4 F026 X 1 (0.464) 

Wastes (except wastewater and, 
spent carbon from hydrogen 
chloride purification) from, the 
production of materials on 
equipment previously used for the 
manufacturing use (as a reactant, 
chemical intermediate, or 
component in a'formulating 
process) of tetra-, penta-, or 
hexachlorobenzene under alkaline 
conditions. , -
F027 1· 4 F027 X 1 (0.464) 

Discarded unused formulations 
containing trio, tetra-, or 
pentachlor9phenol or ,discarded 
unused formulations containing 
compounds derived from these 
chlorophenols. ,(This listing does 
not include formulations containing 
hexachlorophene synthesized from 
prepurified 2.4,6-tri-chlorophenol 
as the sole component.) 

F028 1· 4 F028 X 1 (0.454) 

Residues resulting from the . ' . 

incineration or ,thermal treatment " 
of soil contaminated with EPA 
Hazardous Waste Nos. FO~O, 
F021,F022, F023,F026, and 
F027. 

,. F032 1· 4 F032 X 1 (0.464) 

Wastewaters, process residuals, 
preservative drippage, and spent 
formulations from wood preserving ) 

processes generated at plants that 
currently use or have previously 
used chlorop~enolic formulations 
(except wastes from processes 
that have had the F032 waste ! 
code deleted in accordance with 
§261.36 and do not resume or 
initiate use of chlorophenolic 

. , 

formulations) • This listing, does 
not include K001 bottom sediment 
sludge 'from the treatment of 
wastewater from wood preserving 
processes that use creosote and/or , 
pentachl!)rophenol. 

F034 1· 4 F034 X 1 (0.464) 
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Wastowaters, process residuals, 
preservative ddppage, and spent 
formulations from wood preserving 
processes genera tad at plants that 
us. creosote formulations. This 
lletlng does not Include K001 

. 
bottom sediment sludge from the 
treatment of wastowater from 
wood preserving processes that 
us. creosote and/or 
pentachlorophenol. 

FOSG 1- -4 F036 X 1 (0.464) 

Wutewaters, process residuels, 
preservative drippage, and spent 
formulatiom~ from wood preserving 
proclIIses generated at plants that 
un Inorganic preservatives 
containing arsenic or chromium. , 

Thla lIatlng does not include KOO1 . 
bottom sediment sludge from the' 
treatment of wastewater from 
wood preserving processes that 
us. creosote and/or 
penotochlorophenol. 

F037 1· ·4 F037 X 1 (0.464) 
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Petroleum refinery primary 
oil/water/solids separation sludge-: 
Any slu~ge generated from the 
gravitational separation of 
oil/water/solids during the storage 
or treatment of process 
wastewaters and oily cooling 
wastewaters from petroleum 
refineries. Such sludges include, 
but are not limited to, those 
generated in: oil/water/solids 
separators; tanks and 
impoundments; ditches" and other 
conveyances; sumps; and 
stormwater units receiving dry 
weather flow. Sludge generated in 
stormwater units that do not , 
receive dry weather flow, sludges 
generated from non-contact once-
through cooling waters segregated" 
for' treatment from other process 
or .oily cooling waters, sludges 
generated in aggressive biological 
treatment units as defined in 
§261.31(b)(2) (including sludges 
generated in one or more 
additional units 'after wastewaters 
have been treated in aggressive 
biological treatment units) and 
K061 wastes are not included in 
this listing. 

F03S 1- 4 F03S X l' (0.464) 
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Petroleum refinery 8econda,ry 
(emuilifiod) oiVwater/solids 
s.pofatlon sludge--Any skldge 
and/Of ff.ollt generated from the 
physical ,md/Of chemical 
.eparatlon of oiVwoter/solids In 
ptcx:aas wastewaters and oily 
c,ooting wastewaters from 
Jatfoloum refineries. Such wastes 
lnckldo, but a're not limited to, all 
.kldgoa and floats genereted In: 
Induced air flotation (lAF) units. 
tanks end impoundments. ond oIl -
skldgos generated in OAF units. 
Skldges generated In stormweter 
units that do not raceive dry 
woather flow, sludges generated 
from once-through non-contect 
cooling woters segregated for 
troatmont from other process or oil 
cooling wastes, sludges and floets 
gOMratod In agge-essive biof.ogical 

~ 

treatment units 8S defined in 
5261.31(b)(2) (incklding sludges 
and floats gonereted in one or 
mOlO additional units ofter 
waatowaters have been treeted in 
&lggroillive blologlca,1 troetmont 
unittl and F037, K048, and KOGl 
weltes are not included in this 
listing. 

KOO1 1· 4 KOO1 X 1 (0.464) 

Bottom sediment sludge from the 
trootmont of wastewaters from 
wood pteservlng processes that -us., creosote and/or . 
pontachlorophenol. 

KOO2 1· 4- KOO2 # 

Wasteweter treatment sludge from 
tho production of chrome yellow 
and organge pigments. 

KOO3 I 1· 4 KOO3 # 

Wastewater treatment sludge from 
the ptoooction of molybdate 
Olango pigments. 

KOO4 1· 4 KOO4 A 10 (4.64) 

Wastewater treatment sludge from 
tha ptoduction of zinc yellow 
p~monts. 

KOO6 1· 4 KOOG # 
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Wastewater treatment sludge from 
the production of chrome green 
pigments •. 

KOO6 1· 4 KOO6 A 10 (4.64) 
t. 

o Wastewater treatment sludge from 
the production of chrome oxide 
green pigments (anhvdrous and , 

. hydrated). 

KOO7 1· 4 KOO7 A 10 (4.641 

Wastewater treatment sludge frQm "-

the production or iron blue "-

pigments. 

KOO8 
/ 

1· 4 KOO8 A 10 (4.64) 
. 

Oven residue from the production 
of chrome oxide green pigments. 

KOO9 1· 4 KOO9 A 10 (4.641 

Distillation bottoms from the 
production of acetaldehyde from 
ethylene. 

K010 1· 4 K010 A 10 (4.64) 

Distillation side cuts from the 
production of acetaldehyde from 
ethylene. 

K011 1· 4 K011 A 10 (4.64) 

Bottom stream from the 
wastewater stripper inthe 
production of acrylonitrile. 

K013 c 1· 4 K013 A 10 (4.6"1-) 

Bottom stream from the 
acetonitrile column in the 
production of .acrylonitrile. 

K014 1· 4 K014 D 6000 (2270) 

Bottoms from the acetonitrile , 

purification column in the 
production of acrylonitrile; 

K016 1· 4 K016 A 10 (4.64) 
. 

Still bottoms from the distillation 
of benzyl chloride. 

K016 1· 4· K016 X 1 (0.464) 
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Hnvy ends or distillation residues 
from tho production of ca,rbon 
tetrachloride. ; 

K017 1· 4 K017 A 10 (4.641 

Heavy ends (still bottoms) from 
the purification column in the 
production of epl·chlorohydrin. 

KOla 1· 4 K018 X 1 (0.464) 

Hoavy ends from the fractionation 
column in ethyl chloride 

. 

production. 

K019 1· 4 K019 X 1 (0.464) 

Hoevy ends from the distmation of 
ethylene dichloride In ethylene 
dlchlorida production. 

.. 

K020 1· 4 K020 X 1 (0.464) 

Heavy ends from the distillation of 
vinyl chloride In vinyl chloride 
monomer production. -~ 

K021 1· 4 K021 A 10 (4.64) 

Aqueous spent antimony catalyst 
wac to from fkJoromethanes 
production. " 

K022 1· 4 K02~ X 1 (0.454) 

Distillation bottom tars from the 
production of phenoVacetone from 
cumano. " 

K023 1· 4 K023 0 ' 5000 (2270) 

Oletillotlon light ends from the 
production of phthlllic anhydride 
from naphthalene. 

K024 1· 4 K024 0 5000 (2270) 

Distillation bottoms from the 
,-

production of phthalic anhydride 
from naphtha lone. 

K026 1· 4 K025 A 10 (4.54) 

Diet illation bottoms from the 
production of nitrobenzene by the " 

nitration of benzene. 

K026 1· 4 K026 C 1000 (464) 
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Stripping still tails from the 
production of methyl ethyl 
pyridines. 

K027 1· 4 K027 A 10 (4,64) 

Centrifuge and distillation residues 
from tolune diisocyanate 
production •. 

K028 1· 4 K028 X 1 (0.464) 

Spent catalyst from the 
hydrochlorinator reactor in the -

production of 1,1,1-
trichloroethane. 

K029 1· 4 K029 X 1 (0.464) 

Waste from the product steam 
i 

stripper in the production of 1,1,1-
trichloroethane. , 

K030 1· 4 K030 X. 1 (0.464) 

Column bottoms or heavy ends 
from the combined production of , 
trichloroethylene and 
perchloroethylene. 

K031. 1· 4 k031 X 1 (0.464) 

By-prod~ct salts generated in the 
production of MSMA and 
cacodylic acid. 

K032 1· 4 K032 A 10 (4.64) 

Wastewater treatment sludge from 
the production of chlordane. 

K033 .• 1 't 4 K033 A 10(4.64) 

Wastewater and scrub water from 
the chlorination 9f cyclopentadiene 
in the production of chlordane •. , 

K034 1· 4 K034 A 10 (4.64) 

Filter solids from the filtration of 
hexachlorocyclo-pentadiene in the 
production of chlordane. 

K035 1· 4 KQ35 X 1 (0;464) 

Wastewater treatment sludges • . 

generate? in the production of 
creosote. . .' 
K03S 1· 4 K03S X 1 (0.454) 
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Still bottoms from toluene 
.. 

reclamation distillation in the 
production of disulfoton. 

K037 1· 4 K037 X 1 (0.464) 

WIIBtowater troetment sludges 
from tha production of disulfoton. 

K038 1· 4 K038 A 10 (4.54) 

Waatawator from the washing end 
stripping of phorato production. 

KOS9 1· 4 K039 A 10 (4.54) 

Flltar cake from tho filtration of 
diathylphosphorodithloic ecld In 
the production of phoreto. 

K040 1· 4 K040 A 10 (4.64) 

Waatowator treatmont skldgo from 
tho production of phorata. 

K041 
< 1· 4 K041 X 1 (0.464) 

WaatowatEH" treatment skldge from 
tho production of toxophene. 

K042 ·1· 4 K042 A 10 (4.64) 

H.avy ends or distillation residues 
from tho distillation of 
totrachlorobonzene in the 
prock.!ctlon of 2.4,6-T. 

K043 1· 4 K043 A 10 (4.54) 

2,6-0ichlorophenol waste from the 
production of 2,4-0. ". 

K044 1· 4 K044 A 10(4.54) 

Welt.water treetmont skldges 
from tho' manufecturing and 
procOllsing of oxplosives. 

K046 1· 4 K046 A 10 (4.64) 

Spent carbon from the treetment 
of wllltowatar conteining .. 
oxplollvoa. 

K04G 1· 4 K046 B 100 (45.4) 

Westewater treetment sludges 
from the menufecturing, 
formUlation and loeding of lead-
blllod lnitieting compounds. 
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K047 1· 4 K047 A 10 (4.54) 

Pink/red water from TNT 
operations. 

K048. 1· 4 K048 # 
~ 

Dissolved air flotation (OAF) float 
from the petroleum refining 
industry. 

K049 1· 4 K049 # 

Slop oil emulsion solids from the -
petroleum refining industry. 

K060 1·. 4 K060 A 10 (4.54) 

Heat exchanger bundle cleaning 
sludge from the petroleum refining 
industry. 

K061 1· 4 K061 '# 

API separator sludge from the 
petroleum refining industry: 

K062 1· 4 , K062. A 10 (4.64) 

Tank bottoms (leaded) from the 
petroleum refining industry. 

K060 1· 4 K060 X 1 (0,464) 

Ammonia still lime sludge coking 
, 

operations. . 
K061 1· 4 K061 # 

~ 

Emission control dust/sludge from 
the primary production of steel in 
electric furnances. 

K062 1· 4 K062 # 
-

Spent pickle liquor generated by 
steel finishing operations of 
facilities within the iron and steel 
industry (SIC Codes 331 and 332). 

K064. 1· 4 K064 ## 

Acid plant blowdown slurry/sludge 
resulting from thickening of 
blowdow,:" slurry from primary 
copper production. 

K066 1· 4 K066 ## 
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SUraco Impoundment solids 
containod in and dredged from 
surfaco impoundments at primary 
load smolting facilities. 

KOSS 1· 4 K066 ## 

Sludge from treatment of process 
wastewater and/or acid plant 
blowdown from primary zinc 
production. 

K06S 1· 4 K069 # 

Emission control dust/sludge from 
secondary lead smelting. 

K071 1· 4 K071 X 1 (0.464) 

Brlno purification muds from the 
mt1'cury coli process in chlorine 
production, where seperately 
propurified brine is not used. 

K073 1· 4 K073 A 10 (4.64) 

Chlorinated hydrocarbon waste 
from the purificetion step of the 
diaphragm celf process Using 
graphito .anodes In chlorine 
production. 

K083 1· 4 KOS3 B 100 (46.4) 

DIstill.tln bottoms from aniline ~ 

oxtractlon. 

K084 1· 4 K084 X 1 (0.464) 

Woatewate( treatment sludges 
gcmoratod du,ring the production of 
voterinary pharmaceuticals from 
.rson1c or org.ano-arsenic 
compounda. 

KOSS 1· 4 KOS6 A 10 (4.64) 

Distillation 0( fractionation column 
bottoms from the production of 
chlorobenzones. 

K08S 1· 4 KOS6 # 

'. 
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Solvent washes and sludges, 
caustic washes and sludges, or 
water washes and sludges from 
cleaning tub~ and equipment used 
in the formulation of ink from 
pigments, driers, soaps, and 
stabilizers containing chromium 
and lead. 

, 
K087 1· 4 K087 B 100 (46.4) 

Decanter tank tar sludge from 
coking' operations. 

K08S 1· 4 KOS8 

Spent potliners from primary 
aluminum reduction. 

K090 1· 4 K090 

Emission control dust or sludge 
from ferrochromiumsilicon 
production. 

K091 1 4 K091 

Emission control dust. or sludge 
from ferrochromium pro~uction. 

K093 1· 4 K093 D 5000 (2270) 

Distillation light ends from the 
production of phthalic anhydride , 
from ortho-xylene. 

K094 
, 

1~ 4 K094 D 6000 {2270} 

Distillation bottoms from the 
production. of phthalic anhydride 
from ortho-xylene. 

K096 1· 4 K096 B· 100 (46.4) 

Distillation bottoms from the 
production of 1, 1,1-
trichloroethane. 

K09S 1· 4 K09S 'B 100 (46.4) 

Heavy ends from the heavy ends 
colu'mn from the production of 
1,1,1-trichloroethane. -

-

K097 1· 4 K097 X 1 {0.464} 

Vacuum stripper discharge from 
the chlordane chlorinator in the 
production of chlordane. 

K098 1· 4 K098 X 1 {0.4!54} 
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Untreeted procoss westeweter 
from the production of toxephene. 

KOSS 1· 4 KOS9 A 10 (4.64) 

Untreated wastElweter from the 
p'roductlon of 2,4-0. 

K100 ~ 
1· 4 K100 # 

Wllllte loachlng solUtion from ecid 
leophlng of emission control 
dultJlkJdgo from secondery lead 
smolting. 

K101 1· 4 i<101 X 1 (0.464) 

Distillation tar residues from the 
dlltillation of aniline· based 
compounds In the production of 
vatarlna,ry pharmecouticels from 
arsonic or organo-arsonic 
compounds. 

K102 1· 4 K102 X 1 (0.464) 

Ruldua from the use of ectiv8ted 
carbon for decolorizetion in the 
production of vetorlnery 
pharmeceuticels from ersenic or 
orgeno·ersonlc compounds. 

K103 1· 4 K103 B 100 (46.4) 

Process residues from enillno 
extraction from the production of , 
aniline. 

K104 1· 4 K104 A 10 (4.64) 

Combined westowater streems 
generated from 
nUrobenzentt/anlline production. 

K106 1· 4 K106 A 10 (4.64) 

Separated aquoous stsreem from 
the rellctor prodUct weshing step I 

" 

In tho production of 
chlorobonzontts. 

K106 1· 4 K106 X 1 (0.464) 

Wutawcter treatment sludge from 
thl morcury cell process in 
chlorine production. 

I 

K107 10 4 K107 X 10 (4.54) 
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Column bottoms from product 
separation from the production of 
1,1-dimethylhydrazine (UDMH) 
from carboxylic acid hydrazines. 

K108 10 4 K108 X 10 (4.64) 
-

Condensed column overheads from 
product separation and condensed 
reactor vent gases from the, 
production of 1,1-
dimethylhydrazine (UDMH) from 
carboxylic acid hydrazides. 

K109 
; 

10 4 K109 X 10 (4.64) 

Spent filter cartridges from product 
'purification from the production of 
1,1-dimethylhydrazine (UDMH) , 
from carboxylic acid hydrazides. 

K110 ,10 4 K110 X 10 (4.64) 

Condensed column overheads from 
intermediate separation from the 
production of 1,1· 
dimethylhydrazine (UDMH) from \ 

carboxylic acid hydrazides. 

'. 
K111 1· 4 K111 A 10 (4.54) 

Product washwaters from the 
production of dinitrotoluene via 
nitration of toluene. " 

K112 1· 4 K112 A 10 (4.64) 

Reaction by-product water from 
the drying column in the 
production of toluenedialT!ine via 
hydrogenation of dinitrotoluene. ~ 

\ 

K113 1· 4 K113 A 10 (4.54) 

Condensed liquid light ends from 
the purification of toluenediamine 
in the production of 
toluenediamine via hydrogenation 
of dinitrotoluene. 

K114 1· 4 K114 A 10 (4.54) 

Vicinals from the purification of 
toluenediamine in the p'roduction 
of toluenediamine via . 
hydrogenation of dinitrotoluene. 

K116 1· 4 K116 A 10 (4.54) 
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Heavy snda from tha purificetion 
of toklanodiamina In the 
production of toluenad!emlne via 
hyckoganation of dlnitrotoluene. 

K116 1· 4 K116 A 10(4.64) 

Organic condensate from the 
solvant recovary coklmn in the 
production of toklone diisocyenate 
vl4 phosgonotion of 
toklonediomlne. 

-
K117 1· 4 K117 X 1 (0.464) 

Woctewatar from the reection vent 
g08 scrubber in the production of 
ethylene bromide via brominetion 
of ethane. 

K118 1· 4 K118 X 1 (0.464) 

Spent absorbent solids from 
purification of ethylane dibromide 
in tho production of ethylene 
dibromlda. 

K123 1· 4 K123 A 10 (4.64) 

Proce" westewater (including 
supamatas, fi/tretas, end 
wuhwatars) from the production 
of othylana·blsdithiocarbamlc acid 
and its salts. 

K124 1· 4 K124 A 10 (4.64) 

Ructor v4mt scrubber weter from 
the production of -
othylanabisdlthiocarbamic acid and 

. 
it. so Its. 

K126 1· 4 K126 A 10 (4.64) 

Filtration, evaporation, and 
centrifugation solids from the 
production of 
othylanabisdithlocarbamlc acid end 
Its saks. 

K126 1· 4 K126 A 10 (4.64) 

Baghouslt dust and floor 
swoopings In milling end packaging 
oporations from the production or 
formulation of 
othylanebisdithlocarbamlc acid snd 
its salts. 

K131 100 4 K131 X 100 (46.4) 
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Wastewater from the reactor and 
spent sulfuric acid from the acid 
dryer in-the production of methyl 
bromide. 

K132 1000 4 K132 X 1000 (~64) 
- . 

Spent absorbent and wastewater 
solids from' the production of 
methyl bromide. 

K136 1· 4 K136 X 1 (0.464) 

Still bottoms from the purification 
, of ethylene dibromide in the 
production of ethylene dibromide 

" 
via bromination of ethene. 

tlndicates the statutory source 8S defined by 1,2,3, and 4 below. 
ttNo reporting of releases of this hazardous substance is required if the diameter of the pieces of the solid metal released is equal to or 
exceeds 100 micrometers (0.004 inches). 
tttThe RQ for asbestos is limited to friable forms only. 
1 "-Indicates that the statutory source for designation of this hazardous substance under CERCLA is CWA Section 311(b)(4). 
2--lndicates that the statutory source for designation of this hazardous substance under CERCLA is CWA Section 307(a). 
3--lndicates that the statutory source for designation of this hazardous substance under CERCLA -is CAA Section 112. 
4--lndicates that the statutory source for designation of this hazardous substance under CERCLA is RCRA Section 3001. 
1·-"lndicates that the 1-pound RO is a CERCLA statutory RQ. 
#Indicates that the RQ is subject to change when the assessment of potential carcinogenicity is completed. 
##The Agency may adjust the statutory RQ for this hazardous substance in a future rulemaking; until then the statutory RO applies. 
5--The adjusted ROs for 'radionuclides may be found in Appendix B to this table. 
··--Indicates that no RQ is being assigned to,the generic or broad class. 

" 
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7664-41-7 

62-53-3 

120-12-7 

7440-36-0 

7647189 

28300745 

7789619 

10025919 

7783564 

1309644' 

7440-38-2 

1303328 

1303282 

7784341 

1327533 

1303339 

1332-21-4 

542621 

71~43-2 

92-87-5 

100470 

98-88-4 

September 1992 

APP8I1dix I 

Acetaldehyde 

Acetane cynohydrin 

'Acrolein 

Acrylonitrile 

Aldrin[1,4:5,8-Dimethanonaphthalerie, 1,2,3,4,10,1 O-hexachloro- , 
1 ,4,4a,5,8,8a-hexahydro-(1.~lpha.,4.alpha.,4a.beta.,5.alpha.,8.alpha., , 
8a.beta.)-] 

Allyl Chloride 

Aluminum (fume or dust) 

Ammonia 

Aniline 

Anthracene 

Antimony 

Antimony pentachloride 

Antimony potassium tartrate 

Antimony tribromide 

Antimony trichloride 

Antimony trifluoride 

Antimony trioxide 

Arsenic 

Arsenic disulfide ' 

Arsenic pentoxide 

Arsenic trichloride 

Arsenic trioxide 

Arsenic trisulfide 

Asbestos (friable) 

Barium cyanide 

Benzene 

Benzidine 

Benzonitrile 

Benzoyl chloride 

1-1 
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CAS Number -

100-44-7 

7440-41-7 

7787475 

7787497 

7787555 

111-44-4 

75-25-2 

74-83-9 

85-68-7 

7440-43-9 

543908 

7789426 

10108642 

7778441 

52740166 

13765190 

592018 

133-06-2 

63-25-2 

75-15-0 

56-23-5 

57-74-9 

7782-50-5 

59-50-7 

108-90-7 

75-00-3 

67-66-3 

74-87-3 

95-57-8 

.. :', ":>:,,,:,,:,::,:,:,,::~,Y'::~"i:':::'::i::i::":':i'::"':fi!::::'if:I:''-~l''~~ ,.",:,," 
,,: .:: ',.; ;,,', )j::;:;:i:@:::::::i:':::;:!!:{}j:;\'::::::::':::i::,\;.~lImt' arid·la., .", .. '> 

Benzyl chloride 

Beryllium 

Beryllium chloride 

Beryllium fluoride 

Beryllium nitrate 

Bis(2-chloroethyl) ether 

Bromoform 

Bromomethane (Methyl bromide) 

Butyl benzyl phthalate 

Cadmium 

Cadmium acetate 

Cadmium bromide 

Cadmium chloride 

Calcium arsenate 

Calcium arsenite 

Calcium chromate 

Calcium cyanide 

Captan [1 H-lsoindole-1 ,3(2H}-dione,3a,4, 7, 7a-tetrahydro-2-
[(trichloromethyl)thio]:' ] 

". 

Carbaryl [1-Naphthalenol, methylcarbamate] 

Carbon disulfide 

Carbon tetrachloride 

Chlordane [4, 7-Methanoindan, 1,2,4,5,6,7 ,8,8-octachloro-2,3,3a,4, 7, 7a.,
hexahydro-] 

Chlorine 

Chloro-4-methyl-3-phenol p-Chloro-m-cresol 

Chlorobenzene 

Chloroethane (Ethyl chloride) 

Chloroform 

Chloromethane (Methyl chloride) 

2-Chlorophenol 

1-2 , September 1992 
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106-48-9 4-Chlorophenol 

1066304 Chromic acetate 

11115745 Chromic acid 

10101538 Chromic sulfate 

7440-47-3 Chromium 

1308-14-1 Chromium (Tri) 

10049055 Chromous chloride 

7789437 Cobaltous bromide 

544183 Cobaltous formate 

14017415 Cobaltous sulfamate 

7440-50-8 Copper 

108-39-4 m-Cresol 

9548-7 o-Cresol 

106-44-5 p-Cresol 

1-319-77-3 Cresol (mixed isomers) 

14271.2 Cupric acetate 

12002038 Cupric acetoarsenite 

7447394 Cupric chloride 

3251238 Cupric nitrate 

5893663 Cupric oxalate 

.7758987 Cupric sulfate 

10380297 Cupric sulfate, ammoniated 

815827 Cupric tartrate 

57-12-5 Cyanide 

506774 Cyanogen chloride 

110-82-7 Cyclohexane 

94-75-7 2,4-0 [Acetic acid, (2,4-dichlorophenoxy)-} 

106-93-4 1,2-Dibromoethane (Eth},lellt: dibromide) 

84-:74-2 Dibutyl phthalate , 

25321-22-6- Dichlorobenzene (mixed isomers) 

September 199,2 1-3 
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':,r,",: :",:" ;,:'::'~":::~'};::':::::~'::"""', """:;,, "" 
gj .. d il_ ' :"" •. ::::,;)t;\oO,~ tu"(~l~:,Ml.A!~ ~L~:,.~. , '.~~ hl 

CAS Numbtir : :" ':"';:""'~II:ifi:i.~;;1::!~i: "'! .. . ,~ffi;i' ,:,'",,:::;'Y:'::' :::::,,::::' ' - , " ",::'::~:j)~:Lt~q.~ 

95-50-1 1 ,2-Dichlorobenzene 

541-73-1 , ,3-Dichlorobenzene 

106-46-7 1 ,4-Dichlorobenzene 

91-94-1 3,3' -Dichlorobenzidine 

75-27-4 Dichlorobromomethane 

107-06-2 1,2-Dichloroethane (Ethylene dichloride) 

540-59-0 1,2-Dichloroethylene 

120-83-2 2,4-Dichlorophenol 

78-87-5 ',2-Dichloropropane 

542-75-6 1,3-Dichloropropylene 

62-73-7 Dichlorvos [Phosphoric acid, 2,2-dichloroethenyl dimethyl esterl 

115-32-2 Dicofol [Benzenemethanol, 4-chloro-.alpha.-(4-chlorophenyl)-.alpha.-
(trichloromethyl)-l 

177-81-7 DH2-ethylhexyl phthalate (DEHP) 

84-66-2 Diethyl phthalate 

105-67-9 2,4-Dimethylphenol . 

131-11-3 Dimethyl phthalate 

534-52-1 4,6-Dinitro-o-cresol 

51-28-5 2,4-Dinitrophenol 

121-14-2 2,4-Dinitrotoluene 

606-20-2 2,6-Dinitrotoluene 

117-84-0 n-Dioctyl phthalate 

122-66-7 1,2-Diphenylhydrazine (Hydrazobenzene} 

106-89-8 Epichlorohydrin 

100-41-4- Ethylbenzene 

106934 Ethylene dibromide 

50-00-0 Formaldehyde 

76-44-8 Heptachlor [1,4,5,6,7 ,8,8-Heptachloro-3a,4, 7, 7a-tetrahydro-4, 7-
methano-1 H-indenel 

118-74-1 Hexachlorobenzene 

87-68-3 Hexachloro-' ,3-butadiene 

1-4 September 1992 
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67-72-l 

7647-01-0 

74-90-8 

7664-39-3 

7439-92-1 

301042 

7784409 

7645252 

10102484 

7758954 

13814965 

7783462 

10101630 

10099748 

7428480 

1072351 

52652592 

7446142 

1314870 

592870 

58-89-9 

14307358 

108-31-6 

592041 

10045940 

7783359 

592858 

7782867 

7439-97-6 

September 1992 

Appendix I 

Hexachloroethane 

Hydrochloric acid 

Hydrogen cyanide 

Hydrogen fluoride 

Lead 

Lead acetate 

Lead arsenate 

" " 

" " 

Lead chloride 

Lead fluoborate 

Lead fluoride 

Lead iodide 

Lead nitrate 

Lead stearate 

" " 
Ii. " 

Lead sulfate 

Lead sulfide 

Lead thiocyanate 

Lindane [Cyclohexane, 1,2,3,4,5,6-hexachloro- (1.alpha.,3.beta., 
4.alpha.,5.alpha.,6.beta.)-1 

Lithium chroma:te 

Maleic anhydride 

Mercuric cyanide 

Mercuric nitrate 

Mercuric sulfate 

Mercuric thiocyanate 

Mercurous nitrate 

Mercury 

1-5 

.. 

. 

NWMAR117617 



Appendix I 

CAS Number .~. 

72-43-5 Methoxychlor [Benzene, 1,1 '-(2,2,2-trichloroethylidene)bis[4- methoXy-] 

80-62-6 Methyl methacrylate 

91-20-3 Naphthalene 

7440-02-0 Nipkel 

15699180 Nickel ammonium sulfate 

37211055 Nickel chloride 

7718549 .. .. 
12054487 Nickel hydroxide 

14216752 Nickel nitrate 

7786814 Nickel sulfate 

7697-37-2 Nitric acid 

98-95-3 Nitrobenzene 

88-75-5 2-Nitrophenol 

100-02-7 4-Nitrophenol 

62-75-9 N-Nitrosodimethylamine 

86-30-6 N-Nitrosodiphenylamine 

621-64-7 N-Nitrosodi-n-propylamine 

56-38-2 Parathion [Phosphorothioic acid, O,O-diethyl-O-(4-nitrophenyl) ester] 

87-86-5 Pentachlorophenol (PCP) 

108-95-2 Phenol 

75-44-5 Phosgene 

7664-38-2 Phosphoric acid 

7723-14-0 Phosphorus (yellow or white) 

1336-36-3 Polychlorinated biphenyls (PCBs) 

7784410 Potassium arsenate 

10124502 Potassium arsenite 

7778509 Potassium bichromate 

7789006 Potassium chromate 

151508 Potassium cyanide 

75-56-9 Propylene oxide 

1-6 September 1992 
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91-22-5 

7782-49-2 

7446084 

7440-22-4 

7761888 

7631892 

7784465 

10588019 

7775113 

143339 

10102188 

7782823 

7789062 

100-42-5 

7664-93-9 

79-34-5 

127-18-4 

935-95-5 

78002 

7440-28-0 

. 10031591 

108-88-3 

8001-35-2 

52-68-6 

120-82-1 

71-55-6 

7~-Oo-5' 

79:'01-6 

95-95-4 

88-06-2 

September 1992 

Quinoline 

Selenium 

Selenium oxide 

Silver 

Silver nitrate 

'Sodium arsenate 

Sodium arsenite 

Sodium bichromate 

Sodium chromate 

Sodium cyanide 

Sodium selenite 

" " 

Strontium chromate 

. Styrene 

Sulfuric acid 

1,1,2,2-Tetrachloroethane 

Tetrachloroethylene (Perchloroethylene) 

2,3,5,6-Tetrachlorophenol 

Tetraethyl lead 

Thallium 

Thallium sulfate 

Toluene 

Toxaphene 

Trichlorfon [Phosphonicacid,{2,2,2-trichloro-1-hydroxyethyl)
dimethylester] 

1,2,4-Trichlorobenzene 

1,1,1-Trichloroethane (Methyl chloroform) 

1,1,2-Trichloroethane . 

Trichloroethylene 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol· 

1-7 
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CAS Number ~ " 

···.··,,£IlbN~1~tW;;.~'''' .. ~:::'!!i~'·III_ 
"'·!i;:'~;'~:::i'i;f'!"":··::;:i'i~t,:::_ I::::;:::;:!!!ll!lliill]!::;:!tf'!:!iti;;l[!Wf!tf!;;;::!ii::;:::i:;'ii::!f: . ' ,'.·.:i'/'\i !I~.~!,,!:.~. 

7440-62-2 Vanadium (fume or dust) 

108-05-4 Vinyl acetate 

75-01-4 Vinyl chloride 

75-35-4 Vinylidene chloride 

108-38-3 m-Xylene 

95-47-6 o-Xylene 

106-42-3 p-Xylene 

1330-20-7 Xylene (mixed isomers) -

7440-66-6 Zinc (fume or dust) 

557346 Zinc acetate 

14639975 Zinc ammonium chloride 

14639986 .. .. .. 
52628258 .. .. .. 
1332076 Zinc borate 

7699458 Zinc bromide 

3486359 Zin.c carbonate 

7646857 Zinc chloride 

557211 Zinc cyanide 

7783495 Zinc fluoride 

557415 Zinc form~te 

7779864 Zinc hydrosulfite 

7779886 Zinc nitrate 

127822 Zinc phenolsulfonate 

1314847 Zinc phosphide 

16871719 Zinc silicofluoride 

7733020 Zinc sulfate 

1-8 September 1992 
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EPA FINAL GENERAL PERMIT MONITORIN<;1 REQUIREMENTS1 

EPCRA, Section Storm water discharges that Oil and Grease, B005, Semi- Annual 
313 Facilities come into contact with any COO, TSS i TotallCjeldahl annual 
Subject to equipment, tank, container, or Nitrogen, Total 
Reporting other vessel or area used for Phosphorus, pH, acute 
Requirements storage of a Section 313 water whole effluent toxicity2, 

for Water priority chemical, or located at a any Section 313 water 
Priority truck or rail car loading or priority chemical for which 
Chemicals unloading area where a Section the facility reports 

313 water priority chemical is 
handled· 

Primary Metal All storm water discharges Oil and Grease, COO, Semi- Annual 
Industries associated with industrial TSS, pH, acute whole annual 
(SIC 33) activity effluent toxicity2, Total 

Recoverable Lead, Total 
Recoverable Cadmium, 
Total Recoverable Copper, 
Total Recoverable Arsenic, 
Total Recoverable 
Chromium, and any 
pollutant limited in an 
effluent guideline to whJch 
the is subject 

Land Disposal Storm water discharges from Total Recoverable Semi- Annual 
Unitsl active or inactive land disposal Magnesium, Magnesium annual 
Incinerators!. units without a stabilized cover (dissolved), Total Kjeldahl 
BIFs that have received any waste Nitrogen, COD, TOS, TOC, 

from industrial facilities. other Oil and Grease, pH, Total 
than construction sites; and Recoverable Arsenic, Total 
storm water discharges from Recoverable Barium, Total 
incinerators and BIFs that burn Recoverable Cadmium, 
hazardous waste Total Recoverable 

Chromium, Total Cyanide, 
Total Recoverable Lead, 
Total Mercury, Total 
Recoverable Selenium, 
Total Recoverable Silver, 
acute whole effluent 
toxicity2 

September i 992 J-1 
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Type of Facility 

Wood 
Treatment 
Facilities 

Industrial 
Facilities with 
Coal Piles 

Battery 
Reclaimers 

Airports 
(with over 
50,000 flight 
operations per 
year) 

Coal-fired 
Steam Electric 
Facilities 

EPA FINAL GENERAL PERMIT MONITORING REQUIREMENTS' 

Storm water discharges from Oil and Grease, pH, COO, Semi- Annual 
areas that are used for wood TSS annual 
treatment, wood surface 
application or storage of treated 
or surface protected wood 

Plus Pentachlorophenol 
Facilities that use chlorophenolic and acute whole effluent 
formulations toxicity2 

Facilities that use creosote 
formulations 

Facilities that use chromium
arsenic formulations 

Storm water discharges from 
coal pile runoff 

Storm water discharges from 
areas for storage of lead acid 
batteries, reclamation products, 
or waste products, and areas 
used for lead acid battery 
reclamation 

, 
Storm water discharges from 
aircraft or airport deicing areas 

Storm water discharges from 
coal handling sites (other than 
runoff from coal piles which is 
not eligible for coverage under 
this permit) 

Plus acute whole effluent
toxicity2 

Plus Total Recoverable 
Arsenic, Total Recoverable 
Chromium, Total 
Recoverable Copper 

Oil and Grease, pH, TSS, Semi-
Total Recoverable Copper, annual 
Total Recoverable Nickel, 
Total Recoverable Zinc 

Oil and Grease, COD, Semi-
TSS, pH, Total annual 
Recoverable Copper, Total 
Recoverable Lead 

Oil and Grease, BO~S, Annual 
COD, T$S, pH,andthe 
primary ingredient used in 
the deicing materials . 

Oil and Grease, pH, TSS, Annual 
Total Recoverable Copper, 
Total Recoverable Nickel, 
Total Recoverable Zinc 

Annual 

Annual 

Retain 
onsite 

Retain 
on site 

J-2 September 1992 
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EPA FINAL GENERAL PERMIT MONITORING REQUIREMENTS' 

Animal Storm water discharges from BOD5,Oil and Grease, Annual Retain 
Handling! animal handling areas, manure COD, TSS~ Total KjeldCihl onsite 
Meat Packing management areas, production Nitrogen (TKN), Total 
Facilities waste management areas Phosphorus, pH,· Fecal 

exposed to precipitation at meat. Coliform 
packing plants, poultry packing 
plants, facilities that 
manufacture animal and marine 
fats and oils 

, Chemical a·nd Storm water discharges that Oil and Grease, COD, Annual Retain 
Allied Product come into contact with solid TSS, pH, any pollutant onsite 
Manufacturers! chemical storage piles limited in an effluent 
Rubber guideline to which the 
Manufacturers facility is subject 
(SIC 28 and 30) 

Automobile Storm water discharges exposed Oil and Grease, COD, Annual Retain 
Junkyards to: TSS, pH, any pollutant on site 

limited in an effluent 
(a) over 250 auto!truck bodies guideline to which the· 
with drive.lines, 250 drivelines, facility is subject 
or any combination thereof 

(b) over 500 auto/truck units 

(c) over 100 units dismantled 
per year where automotive fluids 
are drained or stored 

Lime Storm water discharges that Oil and Grease, COD, Annual Retain 
Manufacturing have come into contact with TSS, pH, any pollutant onsite 
Facilities lime storage piles limited in an effluent 

guideline to which· the 
facility is subject 

Oil-fired Steam Storm water discharges from oil Oil and Grease; COD, Annual Retain 
Electric Power handling sites TSS, pH, any pollutant onsite 
Generating limited in an effluent 
Facilities guideline to which the 

facility is subject 

Cement All storm water discharges Oil and Grease, COD, Annual Retain 
Manufacturing associated with industrial TSS, pH, any pollutant on site 
Facilities and activity (except those from limited in an effluent 
Cement Kilns material storage piles that are guideline to which the 

not eligible for coverage under facility is subject 
this permit) 

September 1992 
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Type of Facility· 

Ready-mix 
Concrete 
Facilities 

Ship Building 
and Repairing 
Facilities 

. ,,' 

EPA FINAL GENERAL PERMIT MONITORING REaUIR~IYIENTS1 

All storm water discharges 
associated with industrial 
activity 

All storm water discharges 
associated with industrial 
activity 

Oil and Grease, COD, 
':rSS, pH, any pOlI,utant 
limited in an effluent 
guideline to which the 
facility is subject 

Oil and Grease, COD, 
TSS, pH, any pollutant 
limited in an effluent 
guideline to which the 
facility is subject 

Annual 

Annual 

Retain 
onsite 

Retain, 
on site 

'A discharger is not subject to the monitoring requirements provided the discharger makes a 
certification for a given outfall, on an annual basis, under penalty of law, that material handling 
equipment or activities, raw materials, intermediate products, final products, waste materials; by
products, industrial machinery or operations, significant materials from past industrial activities,' or, in 
the case of airports, deicing activities, that are located_ in areas of the facility that are within the 
drainage area of the outfall are not presently exposed to storm water and will not be exposed to storm ' 
water for the certification period. 

2A discharger may, in lieu of monitoring for acute whole effluent toxicity, monitor for pollutants 
Identified in Tables II and III of Appendix 0 of 40 CFR Part 122 that the discharger knows or has 
reason to believe are present at the facility site. Such determinations are to be based on reasonable 
best efforts to identify significant quantities of materials or chemical present at the facility. 

J-4 September 1992 
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DISCLAIMER 

This document has been reviewed in accordance with U.S. Environmental Protection 
Agency policy and approved for publication. Mention of trade names or commercial products 
does not constitute endorsement or recommendation for use. This document may undergo 
revisions in the future. The most up-to-date version will be available electronically via the IRIS 
Home Page at http://www.epa.gov/iris. 
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FOREWORD 

The purpose of this Toxological Review is to provide scientific support and rationale for 
the hazard identification and dose-response assessment in IRIS pertaining to chronic exposure to 
Cr(VI). It is not intended to be a comprehensive treatise on the chemical or toxicological nature 
ofCr(VI). 

In Section 6, EPA has characterized its overall confidence in the quantitative and 
qualitative aspects of hazard and dose response. Matters considered in this characterization 
include knowledge gaps, uncertainties, quality of data, and scientific controversies. This 
characterization is presented in an effort to make apparent the limitations of the assessment and 
to aid and guide the risk assessor in the ensuing steps of the risk assessment process. 

For other general information about this assessment or other questions relating to IRIS, 
the reader is referred to EPA's Risk Information Hotline at 513-569-7254. 
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1. INTRODUCTION 

This document presents background and justification for the hazard and dose-response 
assessment summaries in EPA's Integrated Risk Information System (IRIS). IRIS Summaries 
may include an oral reference dose (RID), inhalation reference concentration (RfC) and a 
carcinogenicity assessment. 

The RID and RfC provide quantitative information for noncancer dose-response assessments. 
The RID is based on the assumption that thresholds exist for certain toxic effects such as cellular 
necrosis but may not exist for other toxic effects such as some carcinogenic responses. It is 
expressed in units of mg/kg-day. In general, the RID is an estimate (with uncertainty spanning 
perhaps an order of magnitude) of a daily exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a lifetime. 
The inhalation RfC is analogous to the oral RID. The inhalation RfC considers toxic effects for 
both the respiratory system (portal-of-entry) and for effects peripheral to the respiratory system 
(extrarespiratory or systemic effects). It is generally expressed in units ofmg/m3. 

The carcinogenicity assessment provides information on the carcinogenic hazard potential of 
the substance in question and quantitative estimates of risk from oral exposure and inhalation 
exposure. The information includes a weight-of-evidence judgment of the likelihood that the 
agent is a human carcinogen and the conditions under which the carcinogenic effects may be 
expressed. Quantitative risk estimates are presented in three ways. The slope factor is the result 
of application of a low-dose extrapolation procedure and is presented as the risk per mg/kg-day. 
The unit risk is the quantitative estimate in terms of either risk per Ilg/L drinking water or risk 
per llg/m3 air breathed. Another form in which risk is presented is a drinking water or air 
concentration providing cancer risks of 1 in 10,000; 1 in 100,000; or 1 in 1,000,000. 

Development of these hazard identifications and dose-response assessments for hexavalent 
chromium has followed the general guidelines for risk assessment as set forth by the National 
Research Council (1983). EPA guidelines that were used in the development of this assessment 
may include the following: the Guidelines for Carcinogen Risk Assessment (U S. EPA, 1986a), 
Guidelines for the Health Risk Assessment of Chemical Mixtures (U S. EPA, 1986b), Guidelines 
for Mutagenicity Risk Assessment (U S. EPA, 1986c), Guidelines for Developmental Toxicity 
Risk Assessment (U S. EPA, 1991), Proposed Guidelines for Neurotoxicity Risk Assessment (U S. 
EPA, 1995a), Proposed Guidelines for Carcinogen Risk Assessment (U S. EPA, 1996a), 
Guidelinesfor Reproductive Toxicity Risk Assessment (US. EPA, 1996b), and Guidelinesfor 
Neurotoxicity Risk Assessment (U S. EPA, 1998a); Recommendations for and Documentation of 
Biological Values for Use in Risk Assessment (U S. EPA, 1988); (proposed) Interim Policy for 
Particle Size and Limit Concentration Issues in Inhalation Toxicity (U S. EPA, 1994a); Methods 
for Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry 
(US. EPA, 1994b); Peer Review and Peer Involvement at the Us. Environmental Protection 
Agency (U. S. EPA, 1994c); Use of the Benchmark Dose Approach in Health Risk Assessment 
(US. EPA, 1995b); Science Policy Council Handbook: Peer Review (US. EPA, 1998b); and 
memorandum from EPA Administrator, Carol Browner, dated March 21, 1995, Subject: 
Guidance on Risk Characterization. 
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Literature search strategies employed for this compound were based on the CASRN and at 
least one common name. At a minimum, the following databases were searched: RTECS, 
HSDB, TSCATS, CCRIS, GENET OX, EMIC, EMICBACK, DART, ETICBACK, TOXLINE, 
CANCERLINE, MEDLINE AND MEDLINE backfiles. Any pertinent scientific information 
submitted by the public to the IRIS Submission Desk was also considered in the development of 
this document. 

2. CHEMICAL AND PHYSICAL INFORMA TION RELEVANT TO ASSESSMENTS 

In the hexavalent state, chromium exists as oxo species such as Cr03 and CrO/) that are 
strongly oxidizing (Cotton and Wilkinson, 1980). The CAS Registry numbers and the 
solubilities of a few important hexavalent chromium compounds are given in Table 1. 

In solution, hexavalent chromium exists as hydrochromate (HCr04-), chromate (CrO/), 
and dichromate (CrzO/) ionic species. The proportion of each ion in solution is pH dependent. 
In basic and neutral pH, the chromate form predominates. As the pH is lowered (6.0 to 6.2), the 
hydrochromate concentration increases. At very low pH, the dichromate species predominate 
(US. EPA, 1984). 

The primary sources of hexavalent chromium in the atmosphere are chromate chemicals 
used as rust inhibitors in cooling towers and emitted as mists, particulate matter emitted during 
manufacture and use of metal chromates, and chromic acid mist from the plating industry 
(ATSDR, 1993). Hexavalent chromium in air eventually reacts with dust particles or other 
pollutants to form trivalent chromium (NAS, 1974); however, the exact nature of such 
atmospheric reactions has not been studied extensively. Both hexavalent and trivalent chromium 
are removed from air by atmospheric fallout and precipitation (Fishbein, 1981). The atmospheric 
half-life for the physical removal mechanism is dependent on the particle size and particle 
density. Chromium particles of small aerodynamic diameter « 10 /lm) will remain airborne for 
a long period (US. EPA, 1984). 

Hexavalent chromium may exist in aquatic media as water-soluble complex anions and 
may persist in water. Hexavalent chromium is a strong oxidizing agent and may react with 
organic matter or other reducing agents to form trivalent chromium. The trivalent chromium will 
eventually be precipitated as Crz0 3·xHzO. Therefore, in surface water rich in organic content, 
hexavalent chromium will exhibit a much shorter lifetime (Callahan et aI., 1979). 

Any hexavalent chromium in soil is expected to be reduced to trivalent chromium by 
organic matter. The primary processes by which the converted trivalent chromium is lost from 
soil are aerial transport through aerosol formation and surface water transport through runoff 
(US. EPA, 1984). Very little chromium is leached from soil because it is present as insoluble 
Crz0 3·xHzO (Fishbein, 1981). 
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The bioconcentration factor (BCF) for hexavalent chromium in fish muscle appears to be 
< 1.0 (U.S. EPA, 1980), but values of 125 and 192 were obtained for oyster and blue mussel, 
respectively (U.S. EPA, 1980). 

Table 1. CAS numbers and aqueous solubilities of selected hexavalent chromium 
compounds 

Compound 

Ammonium chromate 
(NH4)2Cr04 

Calcium chromate 
CaCr04 

Chromic acid 
Cr03 

Potassium chromate 
K2Cr04 

Potassium dichromate 
K2Cr207 

Sodium chromate 
Na2Cr04 

Sodium dichromate dihydrate 

CAS No. 

7788-98-9 

13765-19-0 

1333-82-0 

7789-50-6 

7789-50-9 

7775-11-3 

7789-12-0 

Sources: Weast, 1980; Hartford, 1979. 

3 

Water solubility 

40.5 gl100 mL at 30°C 

2.23 g/100 mL at 20°C 

61.7 g/100 mL at O°C 

62.9 gl100 mL at 20°C 

4.9 gl100 mL at O°C 

87.3 gl100 mL at 30°C 

230 gl100 mL at O°C 
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3. TOXICOKINETICS RELEVANT TO ASSESSMENTS 

3.1. ABSORPTION FACTORS IN HUMANS AND EXPERIMENTAL ANIMALS 

3.1.1. Oral 

Gastrointestinal absorption of Cr(VI) occurs with greater efficiency than absorption of 
Cr(III), though absorption of ingested hexavalent chromium is estimated to be less than 5%. 
Donaldson and Barreras (1966) fed Na51Cr04 to rats and humans. Based on mean urinary 
excretion, 51Cr absorption was estimated to be 2.1 % in humans. In rats, approximately 2% of the 
administered dose was absorbed based on fecal excretion of 51Cr when Na51Cr04 was 
administered intragastrically. Intestinal absorption of hexavalent chromium appears to be 
significantly affected by contact with gastric juices. When Na51Cr04 was introduced to humans 
intraduodenally (avoiding contact with gastric juices), approximately half of the chromium was 
absorbed based on fecal excretion. Similar results were observed following intrajejunal 
administration in rats. Incubation of hexavalent chromium with gastric juices prior to 
intraduodenal or intrajejunal administration in humans and rats, respectively, virtually eliminated 
absorption of chromium. Absorption of trivalent chromium e1CrC13) was not increased by 
intraduodenal or intrajejunal administration. The authors demonstrated that hexavalent 
chromium is reduced to the trivalent form by incubation with gastric juices and concluded that 
reduction of hexavalent chromium to the trivalent form in the stomach significantly reduces 
absorption by the oral route of exposure. Gastric juices have peak reductive capacity 2 to 4 hours 
after a meal and are at a minimum between meals and at night (DeFlora et aI., 1987). Anderson 
et ai. (1983) confirmed the low absorption of trivalent chromium in humans following oral 
administration of 200 Ilg of CrCI3 . 

MacKenzie et ai. (1959) administered Na51Cr04 to rats by gavage. Based on urinary 
excretion, absorption was estimated to be 6% in fasted rats and 3% in nonfasted rats. The rate of 
absorption was twofold greater than that observed following administration of 51CrCl3 by gavage. 
Absorption of hexavalent chromium was found to be increased by three- to fivefold following 
intestinal administration ofNa51Cr04, consistent with reduction of hexavalent chromium during 
passage through the stomach. Absorption of hexavalent and trivalent chromium was found to be 
less than 1.4% in the hamster (Henderson et aI., 1979), while Visek (1953) estimated that less 
than 0.5% of ingested CrCl3 was absorbed through the gastrointestinal tract of the rat. 

3.1.2. Inhalation 

A number of factors can influence the absorption of chromium following inhalation, 
including the size, oxidation state, and solubility of the chromium particles; the activity of 
alveolar macrophages; and the interaction of chromium with biomolecules following deposition 
in the lung (ATSDR, 1993). Absorption of inhaled chromium following occupational exposure 
has been demonstrated by measurement of chromium in the serum, urine, and hair of workers in 
the chromium industry (Minoia and CavalIeri, 1988; Randall and Gibson, 1987; Tossavainen et 
aI., 1980). 
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Langard et ai. (1978) demonstrated that water-soluble hexavalent chromium, such as 
chromic acid, is absorbed rapidly following inhalation by rats. However, insoluble hexavalent 
chromium, such as zinc chromate, is less well absorbed. Animals were exposed to zinc chromate 
dust at a level of7.35 mg/m3

. After 0, 100,250, and 350 min of exposure, the concentrations of 
chromium in the blood (Ilg/ml) were 0.007, 0.024, 0.22, and 0.31, respectively. In the second 
part of this study, rats were exposed to the same level for 6 hours on 4 consecutive days. Blood 
concentrations appeared to peak at the end of the second exposure and then began to decline 
slowly. Mean blood chromium values measured at the end of each exposure period averaged 
0.03, 0.56, 0.46, and 0.34 Ilg/ml for exposures 1-4, respectively. No significant differences in 
absorption as reflected by blood chromium levels were noted between the sexes or between day 
and night exposures. 

Suzuki et ai. (1984) exposed rats to potassium dichromate (VI) or Cr(IlI) trichloride by 
inhalation and determined that while lung clearance of both valence states was dependent on 
particle size, Cr(VI) was absorbed with threefold greater efficiency than Cr(III). 

3.1.3. Metabolism 

In vivo reduction of Cr(VI) to Cr(III) has been widely studied, and some characterizations 
can be made. Ingested hexavalent chromium is efficiently reduced to the trivalent form by the 
gastric juices (DeFlora et aI., 1987). Hexavalent chromium can also be reduced to the trivalent 
form in the epithelial lining fluid of the lungs by ascorbate and glutathione. The reduction by 
ascorbate is more rapid than by glutathione, and results in a shorter residence time for chromium 
in the lungs (Suzuki and Fukuda, 1990). 

Once absorbed into the bloodstream, hexavalent chromium readily enters red blood cells 
through the phosphate and sulfate anion-exchange carrier pathway, though a portion may remain 
in plasma for an extended period (Wiegand et aI., 1985). While Cr(IlI) compounds are unable to 
cross the red cell membrane by this pathway (Gray and Sterling, 1950), they may enter red blood 
cells, but only with very low efficiency (Mertz, 1969; O'Flaherty, 1996). Hexavalent chromium 
is reduced to the trivalent form in the red blood cell by the action of glutathione (Debetto and 
Luciani, 1988; Petrilli and De Flora, 1978a). During reduction to the trivalent form, chromium 
may interact with cellular macromolecules, including DNA (Wiegand et aI., 1985), or may be 
slowly released from the cell (Bishop and Surgenor, 1964). 

Visek et ai. (1953) reported that an insignificant amount of 51Cr crossed the placenta of 
rats in the 24 hours following intravenous injection regardless of the chemical form injected, the 
valence state, the gestational stage, or the size of the litter. In no instance was the radioactivity 
measured in the fetuses greater than 0.13% of the dose. Danie1sson et ai. (1982) reported that 
sodium dichromate crossed the placenta more readily than Cr(III) trichloride following 
intravenous injection of mouse dams. Casey and Hembridge (1984) demonstrated that chromium 
can be transferred to infants through breast milk. The breast milk of 45 lactating women was 
found to have a chromium content averaging 0.3 11 gIL. These concentrations were taken to 
represent background levels in women whose chromium exposure occurs primarily through the 
diet. 
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A physiologically based model for chromium has recently been developed, which 
incorporates absorption and disposition schemes for Cr(VI) and Cr(IlI) throughout the body 
(O'Flaherty, 1996). The model was calibrated on the basis of published oral and intratracheal 
kinetic studies using soluble Cr(IlI) and Cr(VI) in the rat, and accounts for most of the major 
features of chromium kinetics, including reduction of Cr(VI) to Cr(III). The model suggests the 
following in vivo disposition for chromium. Both Cr(III) and Cr(VI) are poorly absorbed from 
the lung and the gastrointestinal tract. Following inhalation exposure, chromium may be 
absorbed into the systemic circulation, transferred to the gastrointestinal tract by mucociliary 
action, or remain in the lung. Cr(VI) is reduced to Cr(IlI) in all tissues, including the lung and 
the gastrointestinal tract. Both Cr(IlI) and Cr(VI) are better absorbed from the gastrointestinal 
tract in the fasted than in the fed state, and the absorption efficiency of Cr(III) salts is largely 
dependent on the nutritional status of the animal as well as the nature of the anion making up the 
Cr(III) salt. The model assumes that reduction of Cr(VI) does not occur in the plasma. Cr(VI) 
enters cells by the phosphate and sulfate anion-exchange carrier pathway. Cr(III) travels in the 
bloodstream largely bound to amino acids, other organic acids, and plasma proteins such as 
globulins. The complexes of Cr(III) that are bound to lower molecular weight ligands are most 
likely to be able to traverse cell membranes (Mertz, 1969). A significant amount of absorbed 
chromium is taken up in the bone (Witmer and Harris, 1991; Weber, 1983), Chromium is also 
concentrated in tissues of the liver, kidney, and spleen. Once in the cell, Cr(VI) may be reduced 
to Cr(III), which may subsequently interact with cellular macromolecules including DNA 
(Wiegand et aI., 1985), or may be slowly released from the cell (Bishop and Surgenor, 1964). 
The model suggests that the bioaccessibility of chromium to absorption processes may be the 
single most important factor determining the toxicity of a specific chromium source (O'Flaherty, 
1996). 

Given the rapid reduction of Cr(VI) to Cr(IlI) in vivo, it is relevant to consider whether 
environmental exposures to Cr(VI) or administration of Cr(VI) in controlled animal experiments 
is essentially identical to environmental exposures to Cr(III) or administration of Cr(IlI) in 
controlled experiments. Although considerably more data are available for Cr(VI) than for 
Cr(III), it appears at present that exposures to Cr(VI) have considerably different outcomes than 
exposures to Cr(III). The Agency has prepared the toxicological summaries and IRIS files for 
Cr(VI) and Cr(IlI) from this perspective. 

3.1.4. The Essentiality of Chromium 

Cr(III) in its biologically active form (glucose tolerance factor, or GTF, a dinicotinato
chromium[III] glutathione-like complex), facilitates interaction of insulin with its receptor site, 
influencing glucose, protein, and lipid metabolism. Thus, Cr(III) is essential for animals and 
human beings. Inorganic chromium compounds do not appear to have insulin-potentiating 
activity. Chromium deficiency may cause changes in the metabolism of glucose and lipids. In 
some studies, dietary supplementation with chromium reversed changes in glucose tolerance and 
serum lipids. The National Research Council has identified an estimated safe and adequate daily 
dietary intake (ESADDI) for chromium of 50-200 Ilg/d (NRC, 1989), corresponding to 0.71-2.9 
Ilg/kg/day for a 70-kg adult. FDA has selected a Reference Daily Intake for chromium of 120 
Ilg/d (DHHS, 1995). 
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4. HAZARD IDENTIFICATION 

4.1. STUDIES IN HUMANS 

4.1.1. Oral 

Cr(VI) is considerably more toxic than Cr(III). A cross-sectional study of 155 villagers 
reported the effects of environmental contamination of well water adjacent to a chromium alloy 
plant. Cr(VI) concentrations were reported as 20 mg/L, with an estimated dose rate of 0.57 
mg/kg-day (Zhang and Li, 1987). Reported effects at this dose included oral ulcers, diarrhea, 
abdominal pain, indigestion, vomiting, leukocytosis, and presence of immature neutrophils. 
Effects data for lower exposure doses were not available. 

Other reports of toxic effects in humans are limited to case reports from accidental 
poisonings. Some Cr(VI) compounds (such as potassium tetrachromate and chromic acid) are 
potent oxidizing agents, and are thus strong irritants of mucosal tissue. Effects included 
metabolic acidosis, acute tubular necrosis, kidney failure, and death (Saryan and Reedy, 1988). 

4.1.2. Inhalation 

Occupational exposure to chromium compounds has been studied in the chromate
production, chrome-plating and chrome pigment, ferro chromium production, gold mining, 
leather tanning, and chrome alloy production industries. 

Workers in the chromate industry are exposed to both trivalent and hexavalent 
compounds of chromium. Epidemiological studies of chromate production plants in Japan, Great 
Britain, West Germany, and the United States have revealed a correlation between occupational 
exposure to chromium and lung cancer, but the specific form of chromium responsible for the 
induction of cancer was not identified (Machle and Gregorius, 1948; Baejter, 1950a,b; Bidstrup, 
1951; Mancuso and Hueper, 1951; Brinton et al., 1952; Bidstrup and Case, 1956; Todd, 1962; 
Taylor, 1966; Enterline, 1974; Mancuso, 1975; Ohsaki et al., 1978; Sano and Mitohara, 1978; 
Hayes et al., 1979; Hill and Ferguson, 1979; Alderson et al., 1981; Haguenor et al., 1981; Satoh 
et al., 1981; Korallus et al., 1982; Frentzel-Beyme, 1983; Langard and Vi gander, 1983; Watanabe 
and Fukuchi, 1984; Davies, 1984; Mancuso, 1997). 

Mancuso and Hueper (1951) conducted a proportional mortality study of a cohort of 
chromate workers (employed for> I year from 1931 to 1949 in a Painesville, OH, chromate 
plant) in order to investigate lung cancer associated with chromate production. Of the 2,931 
deaths of males in the county where the plant is located, 34 (1.2%) were due to respiratory 
cancer. Of the 33 deaths among the chromate workers, however, 6 (18.2%) were due to 
respiratory cancer. Within the limitations of the study design, this report strongly suggested an 
increased incidence of respiratory cancer in the chromate-production plant. 

In an update of the Mancuso and Hueper (1951) study, Mancuso (1975) followed 332 of 
the workers employed from 1931-1951 until 1974. By 1974, > 50% of this cohort had died. Of 
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these men, 63.6%, 62.5%, and 58.3% of the cancer deaths for men employed in 1931-1932, 
1933-1934 and 1935-1937, respectively, were due to lung cancer. Lung cancer death rates 
increased with increases in exposure to total chromium, and significant deposition of chromium 
was found in the lungs of workers long after the exposure ceased. The age-specific lung cancer 
rates from and gradient exposures to total chromium from this study are presented in Table 2. 
Mancuso (1975) reported that these lung cancer deaths were related to insoluble (trivalent), 
soluble (hexavalent), and total chromium exposure, but the small numbers involved make 
identification of the specific form of chromium responsible for the lung cancer uncertain. 

Mancuso (1997) recently updated this study, following the combined cohort of332 
workers until 1993. Of 283 deaths (85% of the cohort identified), 66 lung cancers were found 
(23.3% of all deaths and 64.7% of all cancers). Lung cancer rates clearly increased by gradient 
level of exposure to total chromium. The relationship between gradient level of exposure and 
lung cancer rates is less clear for trivalent and hexavalent chromium. The rates of lung cancer 
within the cohort are consistent with those reported in Mancuso (1975) and provide further 
support for the cancer risk assessment based on those data. 

Hayes et al. (1979) conducted a study of 2, 101 male workers in a chromium chemicals 
production plant in Baltimore, MD, to determine whether employment in a modernized facility 
resulted in a reduction in the risk of lung cancer in comparison with that seen in workers 
employed in older production facilities. Mortality data for the workers were compared with 
cause-specific mortality rates for Baltimore city males, and correlations were made between a 
history of having worked in specific job positions and cancer of the lung. Workers with lung 
cancer as an underlying or contributory cause of death were individually matched to controls 
selected from plant workers who died of causes other than cancer. Many of the specific causes of 
death, including several sites of malignancy, showed results well below the expected number. 
While the newer facility had been constructed to reduce exposure to carcinogens, workers in the 
new facility were still found to have an increased risk of lung cancer. Both short-term and long
term workers were found to have excess risk for lung cancer, but the effect was more pronounced 
in the long-term workers. A dose-response relationship with respect to length of employment 
was observed, and long-term laborers were found to have a maximum risk (standard mortality 
ratio [SMR] = 3.9) between 15 and 19 years after the initial exposure. A history of having 
worked with highly soluble hexavalent chromium compounds in the "wet end" of the production 
process was particularly associated with an increased risk of lung cancer. Among the workers in 
the low- exposure group (n = 699), no excess risk was demonstrated. The authors were unable to 
obtain suitable data to account for cigarette smoking in the study population, and assumed that 
the smoking habits of workers were similar to those of the in the general population. 

Pastides et al. (1994) conducted a retrospective cohort study in the United States' largest 
chromate chemicals manufacturing facility in Castle Hayne, NC. This plant was designed to 
reduce the high level of chromium exposure found at most of the older chromate production 
facilities. The study utilized more than 5,000 personal breathing zone samples collected over a 
15-year period. Occupational, medical, and smoking data from current and former employees 
were collected using a questionnaire. A healthy-worker effect was observed in the population. 
There was no increased risk of mortality or cancer among employees who worked only at this 
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T bl 2 a e . A TI .ge-speci IC ung cancer d h eat d rates an gra lent exposures to tota I h C rommm 

Mg/m3 - Yrs. total insoluble chromium 

Age < 1.00 1.0-1.99 2.0-3.99 4.0-5.99 6.0-6.99 7.0-7.99 8+a 

45-54 Deaths 1 2 2 4 3 3 0 

Person-years 886 459 583 348 159 140 262 

55-64 Deaths 1 3 1 4 2 3 1 

Person-years 707 356 462 250 113 98 203 

65-74 Deaths 1 1 2 1 1 0 3 

Person-years 235 166 182 80 42 41 81 

aData in the last column are not used in EPA's risk assessment because the range of exposure in this class is not known, 
and it does not appear reasonable to assume that all three age groups had an identical exposure distribution. 

Source:~ancuso, 1975. 
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facility, though a subgroup of workers who transferred from older facilities was found to have 
higher risks of mortality and cancer. 

Rosenman and Stanbury (1996) recently reported on a study of lung cancer risk in a 
population of former workers from four facilities that produced chromium compounds from 
chromite ore. Workers at these facilities between 1937 and 1971 were found to have 
proportionate cancer mortality ratios (PCMR) of 1.51 for white men and 1.34 for black men. The 
PCMRs were found to increase with duration of employment and time since first employment. 
The authors also reported a PCMR for nasal/sinus cancer of 5.18. The lung cancer risk remained 
elevated for more than 20 years following the cessation of exposure. While the study was unable 
to account for smoking habits of the workers, the lack of increase in other smoking-related 
diseases suggested that the lung cancer was not related to smoking. The authors were unable to 
distinguish risk from trivalent and hexavalent chromium, and were also unable to examine risk 
by exposure estimates. 

Alexander et al. (1996) reported on a study oflung cancer in chromate-exposed aerospace 
workers with a minimum of 6 mo exposure to hexavalent chromium. Standard incidence ratios 
(SIRs) for lung cancer were determined on the basis of the duration of employment in chromate
exposure jobs and cumulative exposure. The authors reported an inverse relationship between 
lung cancer risk and estimates of cumulative chromate exposure in spray painters. Elevated lung 
cancer risks were found for subjects who worked as chrome platers or surface processor tank 
tenders, sanders/maskers, and polishers, but the numbers are too low to establish a clear 
association between chromate exposure and lung cancer risk in these workers. The authors 
suggested that the lack of increased lung cancer risk among spray painters may reflect the 
exposure to chromate in paint mists, which they suggested may render the hexavalent chromium 
less biologically active. 

Studies of workers in chromate pigment production plants have demonstrated an 
association with increased risk oflung cancer. Hayes et al. (1989) studied workers employed 
between 1940 and 1969 in a lead and zinc chromate pigment production plant in New Jersey. 
The SMR for lung cancer was 160, based on comparison with U.S. lung cancer rates for white 
males. Workers in the high-exposure group were continuously exposed to greater than 2 mg/m3 

chromate dust; workers in the moderate-exposure group were occasionally exposed to 
concentrations between 0.5 and 2 mg/m3 

; and workers in the low-exposure group were 
infrequently exposed at concentrations below 0.1 mg/m3

. Significant SMRs were also found for 
lung cancer in nonwhite males and stomach cancer in white males. Air monitoring revealed that 
exposures were lead chromate. 

Davies (1978, 1979) studied three chromate pigment plants in England, two of which 
produced both zinc and lead chromate, and one which produced only lead chromate. The cohort 
of exposed workers consisted of employees with :2: 1 year of service and for whom vital statistics 
were available as of 1977. Using these guidelines, 396 and 136 subjects were obtained from the 
plants producing both zinc and lead chromate, and 114 subjects were obtained from the plant that 
produced only lead chromate. The observed mortality from lung cancer in the different plants 
was compared to the expected mortality based on national lung cancer mortality rates for all 
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males in England and Wales. An elevated risk of lung cancer was present only in the plants 
producing both zinc and lead chromate. The authors suggested that these data indicated that zinc 
chromate was associated with the etiology of lung cancer, whereas lead chromate was not. 

Davies (1984) conducted a follow-up study on workers in the same three chromate 
pigment production plants. Workroom chromium concentrations and smoking statistics for the 
workers were not available in any of the factories. Elevated SMRs for lung cancer were 
observed, particularly for workers employed prior to improvements in industrial hygiene. 
Workers in the high- and medium-exposure groups in a plant producing lead and zinc chromates 
had an SMR for lung cancer of232. Workers in high- and medium-exposure groups in a second 
lead and zinc chromate production plant had a SMR for lung cancer of373. The SMR for 
workers in high and medium groups exposed to lead, zinc, and strontium chromate was 562. In 
the third plant, only lead chromate pigments were produced, and no excess lung cancer deaths 
were reported. 

Langard and Norseth (1975) reported on three pigment plants in Norway that were in 
operation between 1948 and 1972 (one of the plants was brought on line in the year the study 
ended). A total of 133 workers were identified as employees at the three plants during this time 
period. Of the 133,24 had been employed> 3 years, and of this cohort, 3 cases of lung cancer 
were identified through the Cancer Registry of Norway. All of the lung cancer cases had been 
employed for 5 years or longer. Data from the cancer registry indicated an expected number of 
lung cancer cases among those employed of 0.079; thus, the observed number of cases was 38 
times greater than expected, based on the general population. Exposure levels determined by 
personal monitoring were reported for the plants for the year 1972, with chromium levels in the 
two older plants ranging between 0.04 and 1.35 mg/m3 and levels in the new plant between 0.01 
and 0.08 mg/m3

. Although an increased risk oflung cancer was indicated, two of the individuals 
with lung cancer were moderate to heavy smokers. Nevertheless, a relative risk oflung cancer of 
38 could not be explained by differences in smoking between the study cohort and the Norwegian 
population. Langard and Vi gander (1983) conducted a follow-up study on workers employed for 
at least 3 years in the same chromate pigment producing factories. Workroom monitoring 
revealed significantly elevated concentrations of hexavalent chromium (0.01 - 1.35 mg/m3

), and 
an SMR for lung cancer of 4,444 was reported. Workers in this group were exposed over a 
period of 6-9 years. 

Frentzel-Beyme (1983) reported that the observed number of lung cancer deaths exceeded 
those expected among workers in five chromate pigment plants in the Netherlands and West 
Germany. In only one factory, however, was this excess statistically significant. The authors did 
not find a lung cancer mortality dose-response by intensity or duration of exposure. The analysis 
was limited by the numbers of deaths in each category. 

Several studies of the chrome-plating industry have demonstrated a positive relationship 
between cancer and exposure to chromium compounds (Royle, 1975; Franchini et aI., 1983; 
Sorahan et aI., 1987). Royle (1975) studied mortality in the chromium plating industry in 
England in a retrospective study between 1969 and 1972. Workers in this industry are exposed 
to hexavalent chromium in the form of chromic acid mist and some sodium dichromate dust. 
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The study traced 1,238 chrome plating workers employed for> 3 months along with 1,284 
manual laborers used as controls. There was little difference in smoking habits between the 
groups. There was a significant (p < 0.05) difference in the death rate for cancer at all sites, 
3.15% in chrome platers as compared to 1.63% in controls. Deaths from malignancy of the lung 
and gastrointestinal tract were each increased, though not significantly. 

Franchini et ai. (1983) conducted a retrospective cohort study of 178 workers in nine 
Italian chromeplating plants to determine the mortality of workers employed for at least 1 year 
between January 1951 and December 1981. The mortality experience of workers was compared 
to that for the Italian male population of the same age during the follow-up period. Direct 
exposure measures from the plants were not available, but the exposures were related to airborne 
chromium concentrations taken from Italian electroplating plants in 1980, after industrial hygiene 
practices had improved considerably. A significant excess of all malignancies and lung cancer 
specifically was found for the workers in "hard" chromeplating plants, who were expected to 
have the greatest chromium exposures. While the small size of the cohort limited the statistical 
power of the study and confounding factors were not assessed, this study is taken to provide 
suggestive evidence of a causal relationship between exposure to chromic acid and cancer. 

Sorahan et ai. (1987) conducted a mortality study of nickel/chromium platers in England 
who were employed between 1946 and 1983. Exposure in these the plants was to soluble 
hexavalent chromic acid mist (er03)' The cohort in the study included a population of 2,689 
workers (1,288 men, 1,401 women). Workers' exposure to chromium was estimated based on 
participation in any of eight chromeplatingjob categories and on cumulative duration of 
employment in chrome bath jobs. The mortality experience of the cohort was evaluated through 
comparison with that expected for the general population of England and Wales, as well as 
through comparison of the estimated chrome exposures of workers who died in a given year with 
those of matching survivors in the same follow-up year, controlling for sex, year of starting 
chrome employment, and age starting in chrome employment. Overall, compared with the 
general population, significant differences were found for all cancers, cancers of the lung and 
bronchus, cancer of the nose and nasal cavities, cancer of the stomach, and primary cancer of the 
liver. The results were particularly striking for chrome bath workers, who were likely the most 
heavily exposed to chromium. Significant positive associations were found between cancers of 
the lung and bronchus and duration of chrome bath work. 

Some studies of the chromeplating industry have reported inconclusive results 
(Silverstein et aI., 1981; Okubo and Tsuchiya, 1979; Takahashi and Okubo, 1990; Itoh et aI., 
1996). Okubo and Tsuchiya (1979) conducted a cohort study of 889 Tokyo chrome platers, with 
an unspecified number of controls selected from the same factories. The study included a 6-year 
follow-up period. The investigation was conducted by a questionnaire sent to the manager of 
each factory, and vi tal stati sti cs were ascertained using the records of the Tokyo Health Insurance 
Society of the Plating Industry. The recovery rate of the questionnaire was 70.5%. Among the 
889 male chromium platers, 19 deaths were observed, or about 50% of those expected (healthy
worker effect). In contrast, the authors reported a slightly higher percentage of deaths in the 
control group. The authors reported negative results for the relationship between chromeplating 
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and lung cancer; however, the results were not related to well-defined exposure data and the 
study utilized a very short follow-up period. 

Takahashi and Okubo (1990) reported on an epidemiological study of metal platers in 415 
small chromeplating plants in Japan. Members of the cohort were all male workers employed as 
platers for at least 6 mo between April 1970 and September 1976. The follow-up period 
extended until 1987 and no members of the cohort were lost to follow-up. The members of the 
cohort were classified into two subgroups based on their work histories: 52% of the cohort had 
more than 6 mo experience in chrome plating and 48% of the cohort had more than 6 mo plating 
experience using metals other than chromium. The mean duration of exposure before the follow
up period was 12.3 years. The study lacked direct exposure measures, and smoking histories for 
the workers were not available. All-cause mortality in the cohort was slightly below the expected 
number (healthy-worker effect). The study demonstrated that exposure to metal plating is 
associated with a statistically significant increase in lung cancer, though the elevated SMR was 
not statistically significant in either of the two plater subgroups. While chromium platers with 
initial exposure prior to 1960 had a 2.5-fold (though statistically insignificant) excess incidence 
of lung cancer, there was no increase in numbers of deaths due to lung cancer relative to the 
length of time exposed to chromeplating. The results of this study are considered equivocal 
regarding the relationship between chromeplating and lung cancer. Itoh et al. (1996) 
subsequently reported on a prospective cohort study of the same cohort of 1,193 workers at small 
Japanese plating facilities. While a trend toward statistical significance for risk oflung cancer 
was seen in the chromium plating subgroup, the study lacked sufficient statistical power to form 
a clear conclusion. 

Silverstein et al. (1981) found a statistically significant increase (p < 0.001) in the lung 
cancer proportionate mortality ratios for both male and female white employees in a die-casting 
and electroplating plant. In this plant, workers were exposed to chromium during electroplating, 
but nickel and copper were also used in electroplating. Other operations of the plant included 
zinc alloy die-casting, buffing and polishing, and cleaning of zinc and steel parts. No conclusion 
can be made from this study regarding the association of chromium electroplating and lung 
cancer mortality, because of the employees' exposure to other potential carcinogens. 

A number of epidemiological studies have considered the association between inhalation 
of Cr(VI) and noncarcinogenic endpoints, including upper respiratory irritation and atrophy, 
lower respiratory effects, and systemic effects. 

Bloomfield and Blum (1928) examined 23 men from 6 chromium plating plants in the 
United States. Fourteen of these workers typically spent 2-7 hours/day over vats of chromic acid, 
which generated airborne hexavalent chromium ranging from 0.12 to 5.6 mg/m3

. These men 
experienced nasal tissue damage, including perforated septum (2), ulcerated septum (3), chrome 
holes (6), nosebleed (9), and inflamed mucosa (9). In general, the nine remaining workers 
examined, not directly exposed to chromium vapors, had only inflamed mucosae. The authors 
concluded that chromic acid at concentrations greater than 0.1 mg/m3 is likely to cause nasal 
tissue injury. However, no concentrations lower than 0.12 mg/m3 were observed, and injury to 
nasal tissue caused by lower concentrations could not be ruled out. 
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Machle and Gregorius (1948) reported an incidence of nasal septal perforation of 43.5% 
in 354 employees who worked in a chromate-producing plant that manufactured sodium 
chromate and bichromate. At the time of the study, airborne chromate concentrations ranged 
from 10 to 2,800 Ilg/m3. The plant had been in operation for at least 17 years, and some 
employees probably worked in the plant when reverberatory furnaces, a prominent source of high 
chromate exposure, were used. 

Mancuso and Hueper (1951) reported on physical examinations of a random sample of 97 
workers from a chromate-chemical plant. The results indicated that 61 of the 97 workers (63%) 
had septal perforation. The data suggested to the author that Cr(1ll) may be partly responsible for 
the perforations; however, there are insufficient data to make an unequivocal conclusion. 

The U.S. Public Health Service conducted a study of workers in seven 
chromate-producing plants in the early 1950s. Of 897 chromate industry workers in the study, 
57% were found to have a nasal septum perforation. Perforated septum was observed even in 
workers employed less than 6 mo The study indicated that exposure to chromate results in severe 
nasal tissue destruction, but exposure levels were not measured; hence, the data are of limited 
usefulness for risk assessment purposes (Federal Security Agency, 1953). 

Vigliani and Zurlo (1955) reported nasal septal perforation in workers exposed to 
chromi c aci d and chromates in concentrati ons of 0.11-0. 15 mg/m 3. The I engths of exposure were 
not known. Hanslian et aI., (1967) reported on otolaryngologic examinations of 77 persons 
exposed to chromic acid aerosol during chrome plating. Among this group, 19% were observed 
to have septal perforation and 48% to have nasal mucosal irritation. The workers averaged 6.6 
years of exposure to an airborne chromium concentration of 0.4 mg/m3. In 14 persons, 
papillomas of the oral cavity and larynx were found. The diagnosis of papilloma was confirmed 
by histologic examination. There were no signs of atypical growth or malignant degeneration. 

Kleinfeld and Russo (1965) reported some degree of nasal septal ulceration in 7 of 9 
workers in a chromeplating plant, with 4 of 7 demonstrating frank perforations. Analyses of air 
samples showed chromium concentrations of 0.18-1.4 mg/m3 Data regarding the length of 
exposure and exposure concentration for individual workers were not available. 

Gomes (1972) examined 303 employees who worked in 81 electroplating operations in 
Sao Paulo, Brazil. More than two-thirds of the workers had mucous membrane or cutaneous 
lesions, with many of them having ulcerated or perforated nasal septa. The duration of exposure 
was not stated, but the author mentioned that the harmful effects were noted in < I year. A direct 
correlation between workers exposed to a given airborne concentration of Cr(VI) and the 
development of harmful effects could not be made. 

Cohen and Kramkowski (1973) and Cohen et al. (1974) examined 37 workers (7 male 
and 30 female) employed in the nickel-chrome department of an electroplating plant in 
comparison with 21 workers (15 male and 6 female) in other areas of the plant not significantly 
exposed to chromic acid. Smoking demographic data were not provided. Environmental air 
samples were collected from breathing zones of several workers in the exposed and control 
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groups to determine concentrations of total chrome and Cr(VI). Brief medical histories were 
confined to the ear, nose, throat, and cutaneous structures. Within 1 year of employment, 12 
workers experienced nasal ulceration or perforation. Nasal ulcers and perforations were 
associated with total chromium concentrations of 1.4 to 49.3 flg/m3, averaging 7.1 flg/m3, and 
Cr(VI) concentrations of 0.09 to 9.1 flg/m3, averaging 2.9 flg/m3. Ninety-five percent of the 37 
workers studied exhibited pathologic changes in nasal mucosa in a concentration-duration 
response. More than half of the workers employed less than 1 year had nasal pathology that was 
more severe than simple redness of the nasal mucosa. Almost all the workers (35 of 37) 
employed longer than 1 year had nasal tissue damage. The authors noted the lack of good 
industrial hygiene practices, implicating direct contact, such as touching of the nose with 
chromium-contaminated hands, as a potentially important route of exposure. 

Lucas and Kramkowski (1975) conducted a health hazard evaluation of 11 employees in 
the "hard" chrome area of an industrial plating facility. The average age of the employees was 39 
years and the average duration of employment in the hard chrome area was 7.5 years. Medical 
examinations were conducted to evaluate the presence of dermatitis, chrome holes, old chrome 
hole scars, ulcerated nasal septum, infection of the mucosa, nasal redness, perforated nasal 
septum, reddened throat, conjunctivitis, and wheezing. Environmental air samples were 
collected from the breathing zone on all workers in the hard chrome area to determine the 
concentrations of hexavalent chromium. Cr(VI) concentrations ranged from 1 to 20 flg/m3, 
averaging 4 flg/m3. However, the authors attributed the nasal pathology primarily to direct 
contact. Clinical observations included injection of the nasal mucosa in five workers, ulcerated 
nasal septum in two workers, atrophic scarring indicative of the presence of past ulceration in 
two workers, and complete perforation of the nasal septum in four workers. Poor hygiene 
practices including touching the nose with the hand were noted at the plant and represented a 
confounding factor in the etiology of the nasal lesions. 

Markel and Lucas (1973) conducted a health hazard evaluation of32 workers at a "cold 
dip" chromeplating plant who were employed in the chrome department or who regularly spent a 
portion of their workday in that area. Twenty of the employees worked in the chrome area of the 
plant for more than 5 years. A total of 16 personal and 7 general air samples were taken to 
determine the concentrations ofCr(VI). Maximum airborne Cr(VI) concentration was 3 flg/m3. 
No workers were found to have ulcerated nasal mucosa or perforated nasal septa. Half of the 32 
employees had varying degrees of mucosal irritation. The authors did not consider this to be 
significant, because the survey was carried out at the peak of the 1972-1973 influenza epidemic. 

Lindberg and Hedenstierna (1983) compared lung function, the condition of the nasal 
septum, and subjective symptoms related to respiratory health (data obtained by questionnaire) in 
unexposed controls (119) and workers (43) exposed to chromic acid in chromeplating operations. 
Exposed workers were divided into low- « 2) and high- (> 2 flg Cr[VI]/m3) exposure groups 
based on the exposures they were likely to have experienced in the workplace. Complaints of 
diffuse nasal symptoms ("constantly running nose," "stuffy nose," or "a lot to blowout") were 
registered by 4119 workers in the low-exposure group and half of the 24 workers in the high 
exposure group. The authors reported reddening of the nasal mucosa at 1 to 2 flg/m3 and nasal 
irritation (chronic and nasal septal ulceration and perforation) in two-thirds of the subjects at 
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concentrations from 2 to 20 llg/m3. All workers with nasal ulceration had been exposed to 
chrome acid mist, which contained Cr(VI) at 20 Ilg/m3, or greater than 20 Ilg/m3 near the baths. 
Changes in pulmonary function measurements, as determined by changes in vital capacity and 
forced expiatory volume at 1 sec (FEV\), were seen in workers who experienced Cr(VI) 
exposures greater than 2 Ilg/m3. Examination of the nasal septum revealed that damage was 
significantly greater in exposed workers than in unexposed controls and appeared to be 
somewhat more severe in the high-exposure group than the low-exposure group. There was a 
tendency for lung function parameters to return to normal over a 2-day weekend. 

In the United States, 97 workers in chromate-producing plants had a higher incidence of 
severely red throats and pneumonia, but did not show any increase in the incidence of other 
respiratory diseases when compared with control groups. Although bilateral hilar enlargement 
was observed, there was no evidence of excessive pulmonary fibrosis in these workers (Federal 
Security Agency, 1953). The various lung changes described in these workers may represent a 
nonspecific reaction to irritating material or a specific reaction to chromium compounds. Many 
of the conditions mentioned occur widely in the general population (NAS, 1974). 

Lindberg and Vesterberg (1983a) studied urinary excretion of proteins in 24 currently 
employed chrome platers and 27 former chrome platers. Results were compared with those for a 
group of 37 referents. Exposures for current workers were determined using personal samplers 
and were found to range from 2 to 20 Ilg/m3, with an average level of 6 llg/m3. Exposure levels 
of former platers were thought to be higher than those for the current workers. The duration of 
exposure ranged from < 1 to 26 years. Cr(VI) exposure was found to result in renal effects in a 
dose-dependent fashion (based on elevated excretion of ~-2-microglobulin as an indicator of 
nephrotoxicity) in current workers exposed to 4 to 20 Ilg/m3 Cr(VI) over 8-hour shifts. The 
effect may be reversible because former chromeplaters did not have an elevated concentration of 
either ~-2-microglobulin or albumin in their urine. Most of the currently exposed workers were 
also observed to have irritation symptoms of the airways, including ulcerated nasal septum and 
complete perforations. Severe objective and subjective levels for the airway effects occurred at 
NOAEL levels for renal toxicity. 

In another study, Saner et al. (1984) did not find increased urinary ~-2-microglobulin 
levels in tannery workers in comparison to referent control workers. However, comparison of 
urinary chromium concentrations of the tannery workers in this study versus the chromeplaters in 
the Lindberg and Vesterberg (1983a,b) study suggests that the latter had distinctly higher 
chromium exposures. 

Various other disease states have been attributed to chromium, but in most cases, the 
etiologic relation to chromium is doubtful because of the presence of other chemicals (NAS, 
1974). These studies, reviewed by EPA (1984) and ATSDR (1993), will not be reviewed here. 
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4.2. SUBCHRONIC, CHRONIC STUDIES AND CANCER BIOASSAYS IN ANIMALS 

4.2.1. Chronic Oral Studies 

Only one chronic study pertaining to the oral toxicity of hexavalent chromium was 
located in the available literature. Anwar et al. (1961) exposed dogs orally to potassium 
chromate in drinking water for 4 years. Treatment levels were 0, 0.45, 2.25, 4.5, 6.75, and 11.2 
ppm potassium chromate; there were two dogs/group. No effects were observed with regard to 
gross and microscopic analysis of all major organs, urinalysis, and weights of spleen, liver, and 
kidney. 

4.2.2. Subchronic Oral Studies 

The National Toxicology Program recently conducted a three-part reproductive toxicity 
study to investigate oral ingestion of hexavalent chromium in experimental animals (NTP, 
1996a,b, 1997). Rats and mice were exposed to 0 - 400 ppm potassium dichromate daily in the 
diet for 9 weeks. Animals were examined for body weights; feed and water consumption; organ 
weights; microscopic evaluation of the liver, kidney, and ovaries; hematology; histology of the 
testis and epididymus for Sertoli nuclei and preleptotene spermatocyte counts in Stage X or XI 
tubules; and chromatin analysis. No treatment-related hematology findings were reported except 
for slight decreases in mean corpuscular volume (MCV) and mean corpuscular hemoglobin 
(MCR) values in the male and female treatment groups receiving 400 ppm potassium dichromate 
(24 mg/kg-day). The findings were characterized by the authors as suggestive of a potential bone 
marrow/erythroid response. The authors considered the 100 ppm (6 mg/kg-day) dose group to be 
representative of the NOAEL for the study. The studies are described in greater detail in the 
reproductive/developmental section of this document. 

MacKenzie et al. (1958) exposed groups of eight male and eight female Sprague-Dawley 
rats to 0-11 ppm (0-11 mg/L) hexavalent chromium (as K2Cr04) for 1 year in drinking water. 
The control group (10/sex) received distilled water. A second experiment involved three groups 
of 12 male and 9 female rats. One group was given 25 ppm (25 mg/L) chromium (as K2Cr04), a 
second group received 25 ppm chromium in the form of chromic chloride, and the controls again 
received distilled water. The results of the MacKenzie et al. study are presented in Table 3. No 
significant adverse effects were seen on appearance, weight gain, or food consumption, and there 
were no pathologic changes in the blood or other tissues in any treatment group. The rats 
receiving 25 ppm of chromium (as K2Cr04) showed an approximate 20% reduction in water 
consumption. This dose corresponds to 2.5 mg Cr(VI)/kg/day based on actual body weight and 
water consumption data. Blood was examined monthly, and tissues (livers, kidneys, and femurs) 
were examined at 6 mo and 1 year. Spleens were also examined at 1 year. The 25 ppm groups 
(and corresponding controls) were examined similarly, except that no animals were killed at 6 
mo. An abrupt rise in tissue chromium concentrations was noted in rats treated with greater than 
5 ppm. The authors stated that "apparently, tissues can accumulate considerable quantities of 
chromium before pathological changes result." In the 25 ppm treatment groups, tissue 
concentrations of chromium were approximately nine times higher for those treated with 
hexavalent chromium than for the animals exposed to trivalent chromium. 
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T bl 3 S b h a e . u c romc ora ItO °t f h OXICUy 0 I t h t exava en C rommm III ra s 

Number of Dose and Period of Endpoints monitored 
animals compound exposure and effect 

9 females, 12 males at 25 0,0.45,2.2,4.5, 7.7, 11, 1 year No effect based on body 
ppm 25 ppm as potassium weight, gross external 

dichromate in drinking condition, 
10 males, 19 females at 9 water hi stopathol ogi cal 
ppm analysis, and blood 

chemistry. 
8 males, 8 females at 
other treatment levels 

Source: MacKenzie et aI., 1958. 

Gross and Heller (1946) reported that 0.125% K2Cr04 in the feed of rats was tolerated 
without observable effects. A dose of 0.25% in the diet resulted in "subnormal condition," 
including rough coat and "subnormal" young born to treated animals. Doses of 0.5% and 1 % in 
feed resulted in diarrhea, rough dirty coats, and sterility. ZnCr04 administered in the feed at 
levels of 0.125%, 0.25%, 0.5%, and 1.0% resulted in subnormal appearance, rough and dirty 
coats, and sterility at all dose levels. Group sizes, duration of treatment, and criteria for 
determining sterility were not reported. 

4.2.3. Chronic Inhalation Studies 

Two studies have provided suggestive evidence of carcinogenicity in mice and rats 
following inhalation of hexavalent chromium (Nettesheim et aI., 1971; Glaser et aI., 1986). 
Nettesheim et ai. (1971) exposed C57Bl mice to 13 mg calcium chromate/m3 (4.33 mg 
Cr[VI]/m3 as calcium chromate dust), 5 hours/day, 5 days/week for life. Chromium exposure 
resulted in a cessation of body weight gain at 6 mo followed by a decrease in body weight 
thereafter. Bronchial epithelial effects ranged from marked hyperplasia and atrophy to necrosis, 
suggesting that the maximum tolerated dose may have been exceeded in this study. 
Inflammatory infiltration into the sub epithelium including proliferation of bronchial epithelial 
cells was noted. Distension of terminal bronchioli and alveoli resembling emphysema was 
associated with alveolar proteinosis. A 2.8% increase in the number oflung tumors was reported 
with respect to controls. However, statistical analysis was not performed, and the significance of 
these results is unclear. In a review of this study, IARC (1990) concluded that a significant 
excess of treatment-related tumors was not observed. Nettesheim identified 4.33 mg of calcium 
chromate dust/m3 as a LOAEL for the occurrence of epithelial necrosis, marked hyperplasia and 
atrophy of the pulmonary bronchi, emphysema-like changes, and atrophy of the spleen and liver. 
The single dose used in this study raises the question whether 4.33 mg Cr(VI)/m3 actually 
represents a LOAEL. 
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Glaser et ai. (1986) exposed male Wistar rats (20/group) to aerosols of sodium chromate 
at measured concentrations of 0.025, 0.05, and 0.1 mg Cr(VI)/m3, 22 hr/day, 7 days/week for 18 
mo. An additional group was exposed to a pyrolized Cr(VI)/Cr(III) (3:2) oxide mixture at 0.063 
Cr(VI)/m3. The animals were held under conventional conditions for 12 mo following the 
exposure. Body weights and mortality were similar among all exposure groups and controls. 
Primary lung tumors (1 adenocarcinoma and 2 adenomas) and 1 squamous cell carcinoma of the 
pharynx were evident in the high-chromate exposure group. It is not clear whether the 
adenocarcinoma and adenomas occurred in the same animal or in different animals. One primary 
lung adenoma was observed in the oxide-exposed group. Primary lung tumors were not observed 
in the controls or low-chromate exposure groups. Dose-dependent retention of chromium was 
seen in the chromate- and oxide-exposed groups relative to the controls. At the conclusion of the 
study, lung chromium retention was 10-fold greater in the oxide-exposed group than in the high
chromate-exposed group. Significantly increased lung weights were determined for the oxide
exposed group and greater liver weights in the high-exposure group of the chromate. Pigment
loaded macrophages were found in a dose-dependent manner in rats exposed to chromate and to 
the oxide. Oxide-exposed rats developed focal thickened septa, partially combined with 
interstitial fibrosis and accumulation of eosinophilic substance in the alveolar lumens. Oxide
exposed groups also demonstrated elevated white- and red-blood cell counts, elevated serum 
cholesterol, and decreased total serum immunoglobulin levels. The results of this study may 
provide evidence of a weak carcinogenic potency of aerosols of both sodium dichromate and 
Cr(VIIIII) oxide (Glaser et aI., 1986; Glaser et aI., 1988). 

Steinhoff et ai. (1983) investigated the carcinogenicity of soluble sodium dichromate and 
calcium chromate in Sprague-Dawley rats via intratracheal administration and reported positive 
carcinogenic effects. The study consisted of 10 treatment groups, one negative control group, 
and two positive control groups. Each test group contained 40 male and 40 female rats (10 
weeks old at the outset). The design of the dose levels selected was such as to assess the impacts 
of the chemicals delivered in single high doses or in the same dose distributed over a 5-day 
period. The duration of the study was 2 years and 8 months. Doses ranged from 0.5 to 1.25 
mg/kg. Rats administered sodium dichromate or calcium chromate one or five times per week 
had no significant reduction in survival periods as compared to controls, except in the case of 
females treated with calcium chromate 5 x 0.25 mg/kg/week. An increased incidence oflung 
tumors as compared to controls was observed in the treated group in which sodium dichromate 
was administered in a single dose of 1.25 mg. No lung tumors were observed in the other 
sodium dichromate treatment groups. In rats administered calcium chromate, statistically 
significant increases in lung tumors were found in groups treated with a single dose of 1.25 
mg/kg as well as in the group treated with 5 x 0.25 mg/kg/week distributed over a period of 5 
days. 

There is some evidence that hexavalent chromium may be carcinogenic following 
intrapleural implantation of calcium chromate (Hueper and Payne, 1962) or intrabronchial 
implantation of strontium chromate, calcium chromate, or zinc chromate (Levy and Martin, 
1983). These tumors, however, were observed only at the site of implantation. Steffee and 
Baetjer (1965) observed statistically significant increases in lung tumors following intratracheal 
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instillation of 0.01 to 0.03 mg zinc chromate in strain A mice. The instillations were performed 
at 2-week intervals and the animals were observed until death. 

In contrast, intratracheal and intrapleural implantation studies of other chromium 
compounds have not demonstrated increases in tumor incidences. Mixed hexavalent and 
trivalent chromium-containing dust was not carcinogenic in strain A Swiss and C57BL mice and 
mixed-breed rats following intratracheal implantation (Baetjer et aI., 1959). Steffee and Baetjer 
(1965) did not observe increases in lung adenomas following instillation of chromium dust, zinc 
chromate, and lead chromate into the tracheas of guinea pigs and rabbits. Hueper and Payne 
(1962) reported similar negative results after instillation of strontium chromate or calcium 
chromate suspended in gelatin; however, the experimental detail in the report was insufficient for 
adequate evaluation. Hueper and Payne (Hueper, 1955, 1958; Payne, 1960; Hueper and Payne, 
1962) described a series of studies in rats treated by intrapleural inj ection of a number of 
hexavalent or trivalent compounds. Hueper (1955) injected powdered metallic chromium into 
the pleural cavity of rats, guinea pigs, and mice and observed no significant increase in tumor 
incidence, either at the injection site or in other organs. Payne (1960) implanted chromite roast, 
from which the soluble sodium chromate was extracted, into the pleural cavity of35 rats. None 
of the 35 control animals developed tumors, and three of the treated animals developed tumors at 
the implantation site. In an earlier study, Hueper (1958) using chromite roast not leached of 
sodium chromate, none of the 25 treated male Bethesda rats developed implantation site tumors 
during 24 mo; however, the early deaths of nine of the treated animals decreased the number of 
animals at risk. Hueper and Payne (1962) noted that no implantation site tumors were observed 
in 42 rats during a 24-mo period following eight implantations of 25 mg of trivalent chromium 
acetate in gelatin over a 13-mo period. 

Baetj er et ai. (1959) chronically exposed three strains of mice (Strain A, Swiss, and 
C57BI) and mixed-breed rats to approximately I mg chromium dust/m3, 4 hours/day, 5 days/week 
over a range of 16-58 weeks, and reported no increase in the incidence oflung tumors with 
respect to untreated controls. Similar results were obtained by Steffee and Baetjer (1965) for 
Wistar rats, rabbits, and guinea pigs exposed to chromium dust. 

Laskin (1972) exposed rats and hamsters to calcium chromate aerosol at a level of2 
mg/m3 (0.67 mg Cr(VI)/m3) for 589 days out of an 891-day study. Although some laryngeal 
hyperplasias and metaplasias were observed in both species tested, details pertaining to controls 
were not given in the available review. 

4.2.4. Subchronic Inhalation Studies 

Data from animal studies identify the respiratory tract as the primary target of chromium 
toxicity following inhalation. Glaser et ai. (1985) exposed 5-week-old male Wistar rats to 
aerosols of sodium dichromate at concentrations ranging from 0.025 to 0.2 mg Cr(VI)/m3, 22 
hr/day in subacute (28 day) or sub chronic (90 day) protocols. Subacute and sub chronic 
exposures to Cr(VI) aerosol concentrations resulted in a positive correlation between exposure 
dose and significant effects on alveolar macrophages and immunological function. Inhalation of 
Cr(VI) aerosols stimulated the humoral immune system. Differences in the mean total serum 
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immunoglobulin were significant at exposures above 0.025 mg/m3, while exposures to aerosol 
concentrations greater than 0.1 mg/m3 resulted in depression of the immune system stimulation. 
The primary antibody response to the ~-cell-dependent antigen sheep red blood cell was elevated 
in a chromium time- and dose-dependent manner. The immune stimulating effect of subchronic 
exposure to an aerosol with 0.05 mg/m3 chromium was not reversed after 2 months of fresh air 
regeneration. Sub chronic exposure to 0.2 mg/m3 chromium resulted in depression of the 
immune-stimulating effect relative to the response at 0.05 mg/m3. The spleen T -lymphocyte 
subpopulation was also stimulated by subchronic exposure to 0.2 mg/m3 chromium. 
Bronchoalveolar lavage (BAL) cell counts were significantly decreased following subchronic 
exposure to levels above 0.025 mg/m3 chromium, though it was not clear whether the 
effectiveness of the lavagability of the cells was altered at the higher dose levels. The number of 
lymphocytes and granulocytes showed a slight but significant increase in the lavage fluids of the 
of the subacute and subchronically exposed groups. At subacute exposure concentrations up to 
0.05 mg/m3 the phagocytic activity of the alveolar macrophages increased; however, subchronic 
exposure at 0.2 mg/m3 decreased this function significantly, complicating the interpretation of 
this result. Following subacute exposure to 0.2 mg/m3 chromium, reductions in macrophage cell 
counts and phagocytic activities correlate with an observed lower clearance of inhaled iron oxide. 
Inhaled chromium was found to preferentially accumulate in the lung following exposure to 
chromate aerosols. Lung and spleen weights were significantly increased (p < 0.005) after both 
subacute and subchronic inhalation of chromate aerosols at concentrations greater than 0.025 
mg/m3. Serum contents oftriglycerides and phospholipids differed significantly from controls (p 
< 0.05) in rats exposed subchronically to 0.2 mg/m3 chromate. 

Glaser et al. (1990) presented a paper at the Second European Meeting of Environmental 
Hygiene that reported exposure of 8-week-old male Wistar rats to sodium dichromate at 0.05, 
0.1,0.2, and 0.4 mg Cr(VI)/m3 22 hr/day, 7 days/week for 30-90 days. Chromium-induced 
effects occurred in a strong dose-dependent manner. The authors observed obstructive 
respiratory dyspnea and reduced body weight following subacute exposure at the higher dose 
levels. The mean white blood cell count was increased at all doses (p < 0.05) and was related to 
significant dose-dependent leukocytosis following subacute exposures. Mean lung weights were 
significantly increased at exposure levels of 0.1 mg/m3 following both the subacute and 
subchronic exposures. Accumulation of macrophages was seen in all of the exposure groups and 
was postulated to be a chromium-specific irritation effect that accounted for the observed 
increases in lung weights. 

Focal inflammation was observed in the upper airways following the subchronic 
exposure. BAL analyses provided more detailed information on the nature of the dichromate
induced irritation effect. BAL albumin was increased following the subacute exposure, and was 
taken to indicate exudation into the alveolar region as an early irritation effect. The mean protein 
content of the cell-free lavage fluid was significantly increased in a dose-dependent fashion after 
the subacute and subchronic exposures. However, protein levels returned to control levels 
following a recovery period. Cytosolic lactate dehydrogenase and the number of mononuclear 
macrophages were also elevated following the subacute and subchronic exposures, particularly at 
the highest dose levels. The enzyme activity and number of macrophages returned to the control 
level following the recovery period. The authors concluded that chromium inhalation induced 
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pneumocyte toxicity and suggested that inflammation is essential for the induction of most 
chromium inhalation effects and may influence the carcinogenicity of Cr(VI) compounds (Glaser 
et aI., 1990). 

Johansson et ai. (1980) exposed groups of four rabbits to chromium dust at 
concentrations of3.1 mg/m3 and 0.6 mg/m3 for 5 days/week, 6 hours/day for 4 weeks. 
Macrophages collected from rabbits exposed to the higher concentration of chromium 
phagocytized significantly more chromium particles than the controls, though the number of 
nonviable macrophages was less than 3%. 

Johansson et ai. (1986) exposed groups of rabbits to aerosols of hexavalent (0.9 mg 
Cr[VI]/m3 as NaZCr04) or trivalent (0.6 mg Cr[III]/m3 as Cr[N03h) chromium 5 days/week, 6 
hours/day for four to six weeks. The number of macrophages obtained from the lungs of the 
rabbits exposed to Cr(VI) was significantly increased. While the numbers of macrophages from 
rabbits exposed to Cr(IlI) were not increased, striking morphological changes were observed, 
including round dark chromium-rich inclusions in the cytoplasm, an increased number of cells 
with a smooth, inactive cell surface, enlarged Golgi apparatus, and a tendency toward elongated 
cell shape. The macrophages from rabbits exposed to Cr(VI) showed less marked morphological 
changes than those exposed to Cr(III). 

Lee et ai. (1988) exposed groups of30 male and 30 female rats to 0.5 mg/m3 or 25 mg/m3 

CrOz (IV) 6 hr/day, 5 days/week for 2 years. There were no compound-related differences in 
weight gain between exposed and control groups and no exposure-related mortality in any 
exposed group. There were no compound-related lesions in the vital organs and tissues other 
than in the lungs of exposed rats. Dust-laden alveolar macrophages with slight Type II 
pneumocyte hyperplasia were noted following exposure at 0.5 mg/m3. Inhaled particles were 
deposited mainly in the alveoli adjacent to the alveolar ducts and the dust particles appeared as 
dense particles and were phagocytized by intraalveolar macrophages. Exposure at 25 mg/m3 was 
suggested to have overwhelmed the lung clearance mechanisms and resulted in significant 
increases in dust-laden macrophages, bronchoalveolar cell hyperplasia with foamy macrophage 
response, and cholesterol granuloma. The mechanism of action was not confirmed in the study, 
and the observation of dust particles in the alveolar macrophages is not necessarily indicative of 
overloading of the lung clearance mechanism. At 24 mo, the dust deposition and effects were 
increased significantly, with severe dust-laden macrophages, dust deposition in peribronchial 
lymphoid tissue, hyperplasia of Type II pneumocytes, and collagenized fibrosis occurring in 
100% of all lung tissues examined in either gender. Two female rats developed well
differentiated cystic keratinizing squamous cell carcinomas with no tumor metastasis. The 
tumors were not characterized as neoplastic lesions. 

Mice exposed to 1.81 or 3.63 mg/m3 Cr(VI) as Cr03 for 1 year developed nasal septal 
perforation, loss of cilia, and metaplasia of the lung, trachea, and bronchus (Adachi, 1987; 
Adachi et aI., 1986) 

22 

NWMAR 117657 



4.3. REPRODUCTIVEIDEVELOPMENTAL STUDIES 

4.3.1. Oral Studies 

High doses of Cr(VI) compounds have been reported to cause developmental toxicity in 
mice. Trivedi et ai. (1989) exposed mice to 250, 500, and 1,000 ppm potassium dichromate daily 
through drinking water during the entire gestational period. The authors reported decreased fetal 
weight, increased resorptions, and increased abnormalities (tail kinking, delayed ossification of 
the cranium) in exposed mice. The medium- and high-dose groups registered significant 
reductions in body weight gain when compared to controls. The most significant finding of the 
study was the complete absence of uterine implantation in the high-dose group. The 250 and 500 
ppm dose groups also showed significant incidences of resorption as compared to controls. The 
authors observed significant increases in preimplantation and postimplantation losses and dose
dependent reductions in total weight and crown-rump length in the lower dose groups. 
Additional effects included treatment-related increases in abnormalities in the tail, wrist 
forelimbs and subdermal hemorrhagic patches in the offspring. 

Zahid et ai. (1990) fed BALB/C albino Swiss mice trivalent (chromium disulfate) and 
hexavalent (potassium dichromate) chromium at concentrations of 100,200, and 400 ppm for 35 
days in the diet. The authors stated that the exposure groups included seven animals per group, 
and an additional seven animals were used as controls, though conflicting summaries of the 
actual group sizes are presented throughout the report. Following the treatment, the authors 
examined the testes and epididymis of the animals. The epididymis was weighed and minced 
suspended in buffered formalin. Sperm counts were then subsequently determined and sperms 
were examined for morphological abnormalities. Testes were fixed with Bouin's fluid for 1 
week and were subsequently sectioned to 0.6 micron thickness and stained with haematoxylin 
and eosin for histological examination. Ten sections were chosen randomly from the anterior, 
middle, and posterior parts of each testis and studied. One seminiferous tubule was chosen and 
examined to determine the cellular stages of spermatogenesis and the number of degenerated 
tubules. Statistical analyses of the data were conducted using the t-test between means and the 
2 x 2 contingency chi-square test between percentages. The authors reported deleterious effects 
on the male mouse testes, including ambiguous levels of degeneration in the outermost cellular 
layers of the seminiferous tubules, reduced (or absent) spermatogonia per tubule, accumulation of 
germ cells in the resting spermatocytes stage, reduced sperm count in the epididymis, and 
increased percentage of morphologically abnormal sperms at all dose levels. The authors 
concluded that the small but significant increase of hexavalent chromium in the testes of fed 
animals induced significant degeneration. 

Serious questions have been raised regarding the design and conduct of this study (Finley 
et aI., 1993; NTP 1996a,b, 1997). The methods utilized in the Zahid et ai. study are considered 
to be insufficient to identify spermatogonia, likely generated nonreproducible counts of 
epididymal sperm, and resulted in the biologically implausible conclusion of reduction in 
spermatogonia numbers concurrent with unchanged spermatocyte and spermatid numbers. 
Additional questions have been raised with regard to uncertainties regarding the actual groupings 
of animals used and the statistical analysis of the data. 
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The National Toxicology Program recently conducted a three-part study to investigate 
oral ingestion of hexavalent chromium in experimental animals (NTP, 1996a,b, 1997). 
The study included a determination of the potential reproductive toxicity of potassium 
dichromate in Sprague-Dawley rats, a repeat of the study of Zahid et al. (1990) using BALB/C 
mice, and a Reproductive Assessment by Continuous Breeding study in BALB/C mice. 

The study in the Sprague-Dawley rat (NTP, 1996a) was conducted in order to generate 
data in a species commonly used for regulatory studies. Groups of 24 males and 48 females were 
exposed to 0, 15, 50, 100, or 400 ppm potassium dichromate daily in the diet for 9 weeks 
followed by a recovery period of 8 weeks. Six male and 12 female rats were sacrificed after 3, 6, 
or 9 full weeks of treatment or after the full recovery period. Animals were examined for body 
weights; feed and water consumption; organ weights; microscopic evaluation of the liver, kidney, 
and ovaries; hematology; histology of the testis and epididymus for Sertoli nuclei and 
preleptotene spermatocyte counts in Stage X or XI tubules; and chromatin analysis. No 
treatment-related hematology findings were reported except for slight decreases in MCV and 
MCR values in the male and female treatment groups receiving 400 ppm potassium dichromate 
(24 mg/kg-day). While the trends in MCV and MCR were not large and were within the 
reference ranges (Charles River Laboratories, 1993), they are consistent with the findings of the 
companion studies in BALB/C mice (see below) and were characterized by the authors as 
suggestive of a potential bone marrow/erythroid response. The authors considered the 100 ppm 
(6 mg/kg-day) dose group to be representative of the NOAEL for the study. 

The reproductive study in BALB/C mice (NTP, 1996b) was conducted to reproduce the 
conditions utilized by Zahid et al. (1990) in their examination of comparative effects of trivalent 
and hexavalent chromium on spermatogenesis of the mouse. Groups of 24 male and 48 female 
BALB/C mice were exposed to 0, 15, 50, 100, or 400 ppm potassium dichromate in the diet for 9 
weeks followed by a recovery period of 8 weeks. Six male and 12 female mice were sacrificed 
after 3,6, or 9 full weeks of treatment or after the full recovery period. Animals were examined 
for body weights; feed and water consumption; organ weights; microscopic evaluation of the 
liver, kidney, and ovaries; hematology; histology of the testis and epididymus for Sertoli nuclei 
and preleptotene spermatocyte counts in Stage X or XI tubules; and chromatin analysis. 
Treatment-related effects included a slight reduction in the mean body weights in the 400 ppm 
males and the 100 ppm females, a slight increase in food consumption at all dose levels, a slight 
decrease in MCV and MCR at 400 ppm, and cytoplasmic vacuolization of the hepatocyte at 50, 
100 and 400 ppm. None of the effects on spermatogenesis reported by Zahid et al. (1990) were 
observed in this study. On the basis of the cytoplasmic vacuolization of the hepatocyte in the 50, 
100, and 400 ppm dose groups, the authors selected 15 ppm (4 mg/kg-day) as the NOAEL. 

The potential reproductive toxicity of potassium dichromate was further evaluated in 
BALB/C mice using the Reproductive Assessment by Continuous Breeding protocol (NTP, 
1997). In the continuous breeding phase of the study, groups of 20 male and female pairs of 
animals (F 0) were exposed to dose levels of 0, 100, 200, and 400 ppm potassium dichromate, 
based on the previous study of reproductive effects in BALB/C mice. Litters born after the 
continuous breeding phase (F 1) received the same concentrations of potassium dichromate as 
their F 0 parents. F 1 animals were used for assessment of second-generation reproductive toxicity. 
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At sexual maturity, 20 control animals of each sex and 20 treated animals of each sex in each 
dose group were selected as breeding pairs (avoiding sibling matings), cohabitated for 7 days, 
and then separated. Offspring were counted and examined for terminal body and organ weights 
and received sperm and tissue analysis. The NTP studies were designed to repeat the findings of 
Zahid using methods of greater rigor and definition, but were unable to do so. The reproductive 
assessment indicated that potassium dichromate administered at 100, 200, or 400 ppm in the diet 
to male and female BALB/C mice is not a reproductive toxicant in either sex. Fertility and the 
pregnancy index (number delivering/number cohabitated) were not affected by continued 
exposure to potassium dichromate. No treatment-related differences were observed in the mean 
average litters per pair, number of live pups per litter, proportion of pups born alive, sex ratio, 
absolute live pup weight, or adjusted live pup weight. Mean body weights of the high-dose Fo 
and F 1 animals were slightly decreased relative to controls, and mean food consumption in the F 1 

animals was increased relative to controls. Mean absolute liver weights in the high-dose group 
F 0 animals were decreased relative to controls. Treatment-related changes were observed in the 
hematology data for the F 1 animals. The MCV was slightly decreased in the high-dose males, 
and the MCR was slightly decreased in the female animals in all dose groups. The authors 
suggested that the NOAEL was not established in this study because of the slight decrease in 
MCR in the females of the 100 ppm (22.4 mg/kg-day) dose group. 

Junaid et al. (1996) exposed female Swiss albino mice to 250, 500, or 750 ppm potassium 
dichromate in drinking water to determine the potential embryotoxicity of hexavalent chromium 
during days 6-14 of gestation. No notable changes in behavior or clinical signs were observed in 
the control or treated dams. Chromium levels in blood, placenta, and fetus increased in a dose
dependent fashion over the course of the study. The authors reported retarded fetal development 
and embryo- and fetotoxic effects including reduced fetal weight, reduced number of fetuses (live 
and dead) per dam, and higher incidences of stillbirths and postimplantation loss in the 500 and 
750 ppm dosed mothers. Significantly reduced ossification in nasal, frontal, parietal, 
interparietal, caudal, and tarsal bones was observed in the high-dose group, while reduced 
ossification in only the caudal bones was observed in the 500 ppm dose group. Based on the 
body weight of the animals (30 +/- 5 g) and the drinking water ingested by the animals in the 250 
ppm dose group (8.0 mllmouse/day), the dose level in the 250 ppm group can be identified as 67 
mg/kg-day. 

Kanojia et al. (1996) exposed female Swiss albino rats to 250, 500, or 750 ppm potassium 
dichromate in drinking water to determine the potential teratogenicity of hexavalent chromium 
pregestationally for 20 days. No notable changes in behavior or clinical signs were observed in 
the control or treated dams. Chromium levels in blood, placenta, and fetus were significantly 
increased in the dams of the 500 and 750 ppm dose groups. The authors reported a reduced 
number of corpora lutea and implantations, retarded fetal development, and embryo- and 
fetotoxic effects including reduced number of fetuses (live and dead) per dam and higher 
incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed mothers. 
Significantly reduced parietal and interparietal ossification was observed in the high-dose group. 
Based on the body weight of the animals (175 +/- 25 g) and the drinking water ingested by the 
animals in the 250 ppm dose group (26 mllmouse/day) the dose level in the 250 ppm group can 
be identified as 37 mg/kg-day. 
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Elbetieha and AI-Hamood (1997) examined fertility following potassium dichromate 
exposures in mice at concentrations considerably greater than those used by NTP. Sexually 
mature male and female mice were exposed to 1,000,2,000,4,000, or 5,000 mg/L potassium 
dichromate in drinking water for 12 weeks. The effects of the exposures on fertility was 
examined at 140 days. No mortality or clinical signs of toxicity were reported in any group of 
male or female mice exposed at any concentration in the experiment. Exposure of male mice to 
hexavalent chromium compounds for 12 weeks had adverse impacts on the male reproductive 
system and fertility, though the mating capability of the mice was not affected. Fertility was 
significantly reduced in males exposed to 5,000 mglL potassium dichromate. Testes weights 
were significantly increased in the males exposed in the 2,000 and 5,000 mg/L dose groups, 
while seminal vesicle and preputial gland weights were significantly reduced in the 5,000 mglL 
exposed males. The numbers of implantation sites and viable fetuses were significantly reduced 
in females impregnated by males exposed to 2,000 and 4,000 mg/L. The numbers of 
implantations and viable fetuses were significantly reduced in pregnant females exposed to 
2,000,4,000, and 5,000 mg/L of the hexavalent chromium compound. 

The findings of Junaid et ai. (1996) and Kanojia et ai. (1996) are consistent with those of 
Trivedi et ai. (1989), and studies suggest the presence of embryotoxic and fetotoxic effects of 
potassium dichromate following oral exposures in mice and rats. The studies utilized similar 
dose levels provided in the drinking water of female mice and rats. The dose levels are similar to 
those used by the NTP study, which demonstrated no reproductive effects following 
administration of potassium dichromate in the diet. It cannot be determined whether the lack of 
reproductive toxicity demonstrated in the NTP studies are reflective of the reduced 
bioavailability of hexavalent chromium provided in the diet in comparison to that provided in 
drinking water, or whether the NTP studies identified a NOAEL for reproductive effects. 

4.3.2. Inhalation Studies 

No developmental effects were reported in rats exposed to 0.2 mg/m3 Cr(VI) as sodium 
dichromate for three generations (Glaser et aI., 1984). No histopathological effects of the testes 
were reported following exposure of rats to 0.2 mg/m3 Cr(VI) as sodium dichromate for 28 or 90 
days (Glaser et aI., 1985) or 0.1 mg/m3 Cr(VI) as sodium dichromate for 18 mo (Glaser et aI., 
1986, 1988). 

4.4. OTHER STUDIES 

4.4.1. Contact Dermatitis 

Chromium is one of the most common contact sensitizers in males in industrialized 
countries (Fowler, 1990; Cronin, 1980) and is associated with occupational exposures to 
numerous materials and processes, including chromeplating baths, chrome colors and dyes, 
cement, tanning agents, wood preservatives, anticorrosive agents, welding fumes, lubricating oils 
and greases, cleaning materials, and textiles and furs (Burrows and Adams, 1990; Polak et aI., 
1973). Solubility and pH appear to be the primary determinants of the capacity of individual 
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chromium compounds to elicit an allergic response (Fregert, 1981; Polak et aI., 1973). The low 
solubility Cr(IlI) compounds are much less efficient contact allergens than Cr(VI) (Spruit and van 
Neer, 1966). 

Dermal exposure to chromium has been demonstrated to produce irritant and allergic 
contact dermatitis (Bruynzeel et aI., 1988; Polak, 1983; Cronin, 1980; Hunter, 1974). Primary 
irritant dermatitis is related to the direct cytotoxic properties of chromium, while allergic contact 
dermatitis is an inflammatory response mediated by the immune system. Allergic contact 
dermatitis is a cell-mediated immune response that occurs in a two-step process. In the first step 
(induction), chromium is absorbed into the skin and triggers an immune response (sensitization). 
Sensitized individuals will exhibit an allergic dermatitis response when exposed to chromium 
above a threshold level (Polak, 1983). Induction is generally considered to be irreversible. 
Chromium allergic dermatitis is characterized by symptoms of erythema, swelling, papules, small 
vesicles, dryness, scaling, and fissuring (Adams, 1990; MacKie, 1981). 

4.4.2. Toxicant Interactions 

Potassium dichromate has been reported to potentiate the effects of the nephrotoxins, 
mercuric chloride, citrinin, hexachlorobutadiene, and maleic acid (ATSDR, 1993). The 
genotoxicity of hexavalent chromium has also been shown to be altered in the presence of other 
compounds, including ascorbic acid and vitamin E and thiol compounds (Susa et aI., 1994). 
Vitamin B2 has been reported to enhance the cytotoxicity of sodium chromate (ATSDR, 1993). 

4.4.3. Genotoxicity 

Hexavalent chromium is rapidly taken up by cells through the sulfate transport system 
(Sugiyama, 1992). Once inside the cell, Cr(VI) is quickly reduced to the trivalent form by 
cellular reductants, including ascorbic acid, glutathione, and flavoenzymes, such as cytochrome 
P-450 glutathione reductase, and riboflavin. The intracellular reduction of Cr(VI) generates 
reactive chromium V and chromium IV intermediates as well as hydroxyl free radicals (·OH) and 
singlet oxygen C02)' A variety of DNA lesions are generated during the reduction ofCr(VI) to 
Cr(III), including DNA strand breaks, alkali-labile sites, DNA-protein and DNA-DNA 
crosslinks, and oxidative DNA damage, such as 8-oxo-deoxyguanosine. The relative importance 
of the different chromium complexes and oxidative DNA damage in the toxicity of Cr(VI) is 
unknown. 

Hexavalent chromium has been shown to be genotoxic only in the presence of appropriate 
reducing agents in vitro or in viable cell systems in vitro or in vivo. Hexavalent chromium has 
been shown to be mutagenic in bacterial systems in the absence of a mammalian activating 
system (Venitt and Levy, 1974; Nishioka, 1975; Nakamuro et aI., 1978; Green et aI., 1976; 
Kanematsu et aI., 1980; Lofroth and Ames, 1978; Newbold et aI., 1979; Bonatti et aI., 1976; 
Fukanaga et aI., 1982), and not mutagenic when a mammalian activating system is present 
(Lofroth, 1978; Petrilli and DeFlora, 1977, 1978a,b). Hexavalent chromium is also mutagenic in 
eukaryotic test systems (Bonatti et aI., 1976; Newbold et aI., 1979; Fukanaga et aI., 1982) and 
clastogenic in cultured mammalian cells (Raffetto, 1977; Levis and Majone, 1979; Umeda and 
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Nishimura, 1979; Tsuda and Kato, 1977; Newbold et aI., 1979; Nakamuro et aI., 1978; Stella et 
aI., 1982; Ohno et aI., 1982; Gomez-Arroyo et aI., 1981; Wild, 1978; Sarto et aI., 1982). 
Hexavalent chromium in the presence of glutathione has been demonstrated to produce genotoxic 
DNA adducts that inhibit DNA replication and are mutagenic (Snow, 1994). 

4.5. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS 

4.5.1. Oral Studies 

4.5.1.1. Human Studies 

Cr(VI) is considerably more toxic than Cr(III). A cross-sectional study reported the 
effects of environmental contamination of well water adjacent to a chromium alloy plant. Cr(VI) 
concentrations were reported as 20 mg/L, with an estimated exposure dose of 0.57 mg/kg-day 
(Zhang and Li, 1987) No lower dose levels were reported in this study. Reported effects 
included oral ulcers, diarrhea, abdominal pain, indigestion, vomiting, leukocytosis, and presence 
of immature neutrophils. The single high dose level reported in the study limits its usefulness for 
quantitative risk assessment purposes. 

Other reports of toxic effects in humans are limited to case reports from accidental 
poisonings. Some Cr(VI) compounds are potent oxidizing agents (such as potassium 
tetrachromate and chromium trioxide) and are thus strong irritants of mucosal tissue. Effects 
included metabolic acidosis, acute tubular necrosis, kidney failure, and death (Saryan and Reedy, 
1988). 

4.5.1.2. Animal Studies 

Only one chronic study pertaining to the oral toxicity of hexavalent chromium was 
located in the available literature. Anwar et ai. (1961) exposed dogs orally (2 dogs/group) to 
potassium chromate in drinking water for 4 years. No effects were observed with regard to gross 
and microscopic analysis of all major organs, urinalysis, and weights of spleen, liver, and kidney. 
A NOEL of 0.31 mg potassium chromate/kg/day can be established from this study. The small 
group size in this study limits its usefulness for quantitative risk assessment purposes. 

Mackenzie et ai. (1958) exposed groups of male and female rats to potassium dichromate 
(0-25 ppm of hexavalent chromium) in drinking water for 1 year. No effects were observed at 
any level of treatment, and a NOEL of2.5 mg/kg-day can be established based on body weight, 
gross external condition, histopathological analysis, and blood chemistry. 

Junaid et ai. (1996) exposed female Swiss albino mice to 250, 500, or 750 ppm potassium 
dichromate in drinking water to determine the potential embryotoxicity of hexavalent chromium 
during days 6-14 of gestation. The authors reported retarded fetal development and embryo- and 
fetotoxic effects including reduced fetal weight, reduced number of fetuses (live and dead) per 
dam, and higher incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed 
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mothers. Significantly reduced ossification in bones was also observed in the medium- and high
dose groups. Based on the body weight of the animals (30 +/- 5 g) and the drinking water 
ingested by the animals in the 250 ppm dose group (8.0 mllmouse/day), the dose level in the 250 
ppm group can be identified as 67 mg/kg-day. 

Kanojia et al. (1996) exposed female Swiss albino rats to 250, 500, or 750 ppm potassium 
dichromate in drinking water to determine the potential teratogenicity of hexavalent chromium 
pregestationally for 20 days. The authors reported a reduced number of corpora lutea and 
implantations, retarded fetal development, and embryo- and fetotoxic effects including reduced 
number of fetuses (live and dead) per dam and higher incidences of stillbirths and 
postimplantation loss in the 500 and 750 ppm dosed mothers. Significantly reduced parietal and 
interparietal ossification was observed in the high-dose group. Based on the body weight of the 
animals (175 +/- 25 g) and the drinking water ingested by the animals in the 250 ppm dose group 
(26 mllmouse/day), the dose level in the 250 ppm group can be identified as 37 mg/kg-day. 

Elbetieha and AI-Hamood (1997) exposed sexually mature male and female mice to 
1,000,2,000,4,000, or 5,000 mg/L potassium dichromate in drinking water for 12 weeks. The 
effects of the exposures on fertility was examined at 140 days. The authors reported adverse 
impacts on the male reproductive system and fertility, though the mating capability of the mice 
was not affected. Testes weights were significantly increased in the males exposed in the 2,000 
and 5,000 mg/L dose groups, while seminal vesicle and preputial gland weights were 
significantly reduced in the 5,000 mg/L exposed males. The number of implantation sites and 
viable fetuses was significantly reduced in females impregnated by males exposed to 2,000 and 
4,000 mg/L, and the numbers of implantations and viable fetuses was significantly reduced in 
pregnant females exposed to 2,000,4,000, and 5,000 mg/L of the hexavalent chromium 
compound. Information regarding the amount of water consumed by the animals was not 
provided in this study. 

4.5.2. Inhalation Studies 

4.5.2.1. Human Studies 

4.5.2.1.1. Respiratory tract effects. Three studies on chromeplaters provide some quantitative 
information on upper respiratory irritation after exposure to Cr(VI) as chromic acid. In the study 
of Cohen et al. (1974), nasal ulcers and perforations were associated with total chromium 
concentrations of 1.4 to 43.9 Ilg/m3, averaging 7.1 Ilg/m3, and Cr(VI) concentrations of 0.09 to 
9.1 llg/m3, averaging 2.9 Ilg/m3. Ninety-five percent of the 37 workers studied exhibited 
pathologic changes in nasal mucosa in a concentration-duration response. More than half of the 
workers employed less than 1 year had nasal pathology that was more severe than simple redness 
of the nasal mucosa. Almost all the workers (35 of 37) employed longer than 1 year had nasal 
tissue damage. The authors noted the lack of good industrial hygiene practices, implicating 
direct contact, such as touching of the nose with chromium-contaminated hands, as a potentially 
important route of exposure. A subsequent study by Lucas and Kramkowski (1975) revealed 
similar results. Cr(VI) concentrations ranged from 1 to 20 Ilg/m3, averaging 4 Ilg/m3. The 
authors attributed the nasal pathology primarily to direct contact. Lindberg and Hedenstierna 
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(1983) also found similar effects on nasal pathology and subjective symptoms. They reported 
reddening of the nasal mucosa at 1 to 2 Ilg/m3, and nasal irritation (chronic and nasal septal 
ulceration and perforation) in two-thirds of the subjects exposed to concentrations of2 to 20 
llg/m3. All workers with nasal ulceration had been exposed to chrome acid mist, which 
contained Cr(VI) at 20 llg/m3, or greater than 20 llg/m3 near the baths. Changes in pulmonary 
function (vital capacity and forced expiatory volume) were seen at Cr(VI) exposures greater than 
2Ilg/m3. 

4.5.2.1.2. Renal effects. Exposure to Cr(VI) at concentrations as low as 4 to 6 llg/m3 has been 
reported to result in elevated excretion of 13-2-microglobulin (Lindberg and Vesterberg, 1983b). 
The effect may be reversible because former chromeplaters did not have an elevated 
concentration of either 13-2-microglobulin or albumin in their urine. Saner et ai. (1984) did not 
find increased urinary 13-2-microglobulin levels in tannery workers in comparison to referent 
control workers. However, urinary chromium concentrations in the Saner et ai. study were likely 
distinctly lower than those in the study of Lindberg and Vesterberg. 

In summary, effects on the airways and kidney have been observed in chromeplaters 
exposed sub chronically to chromic acid mist containing Cr(VI) in air at concentrations greater 
than 1 llg/m3. Such effects include reddening of nasal mucosa, nasal irritation (ulceration, 
perforation), changes in pulmonary function, and renal proteinuria. Many of the available studies 
lack quantitative concentration-response data on chromium health effects suitable for quantitative 
risk assessment. 

4.5.2.2. Animal Studies 

Data from studies in rats, mice, and rabbits identify the respiratory tract as the primary 
target of chromium toxicity following inhalation. Glaser et ai. (1985) exposed rats to 0-0.2 mg 
Cr(VI)/m3 22 hr/day, 7 days/week for 90 days. The authors reported increased lung and spleen 
weight, and increased macrophage activity and percent lymphocytes in BAL fluid. Glaser et ai. 
(1990) exposed rats to 0-0.4 mg Cr(VI)/m3, 22 hr/day, 7 days/week for 30-90 days and reported 
hyperplasia, increased lung weight, macrophage infiltration, and LDH in bronchoalveolar lavage 
fluid (BALF). The authors suggested that inflammation is essential for the induction of most 
chromium inhalation effects and may influence the carcinogenicity of Cr(VI) compounds. 

Rats exposed to 0.5 mg/m3 CrOz (IV) 6 hr/day, 5 days/week for 2 years produced dust
laden alveolar macrophages with slight Type II pneumocyte hyperplasia. Exposure at 25 mg/m3 

overwhelmed the lung clearance mechanisms and resulted in significant increases in dust-laden 
macrophages, bronchoalveolar cell hyperplasia with foamy macrophage response, and cholesterol 
granuloma (Lee et aI., 1988). 

Mice exposed to 1.81 or 3.63 mg/m3 Cr(VI) as Cr03 for 1 year developed nasal septal 
perforation, loss of cilia, and metaplasia of the lung, trachea, and bronchus (Adachi, 1987; 
Adachi et aI., 1986). Epithelial changes of the bronchial tree ranging from necrosis and atrophy 
to hyperplasia were observed in mice exposed to 4.3 Cr/m3 as CaCr04 dust for 18 months 
(Nettesheim et aI., 1971). 
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Rabbits exposed to chromium dust at 3.1 mg/m3 and 0.6 mg/m3 for 5 days/week, 6 
hours/day for 4 weeks phagocytized significantly more chromium particles than the controls, 
though the number of nonviable macrophages was less than 3% (Johansson et aI., 1980). In a 
subsequent study, rabbits were exposed to aerosols of hexavalent (0.9 mg/m3 Na2Cr04) or 
trivalent (0.6 mg/m3 Cr[N03h) chromium for 5 days/week, 6 hours/day for 4 to 6 weeks. The 
number of macrophages obtained from the lungs of the rabbits exposed to Cr(VI) was 
significantly increased, while striking morphological changes were observed in macrophages of 
rabbits exposed to Cr(IlI) (Johansson et aI., 1986). 

4.6. WEIGHT-OF-EVIDENCE EVALUATION AND CANCER CHARACTERIZATION 

Applying the criteria outlined in the Guidelines for Carcinogen Risk Assessment (U. S. 
EPA, 1986) for evaluating the overall weight of evidence for carcinogenicity to humans, 
hexavalent chromium is most appropriately designated a Group A - Known Human Carcinogen. 
Using the proposed Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1996), hexavalent 
chromium is most appropriately designated a known human carcinogen by the inhalation route of 
exposure on the following basis. The potential carcinogenicity of chromium by the oral route of 
exposure cannot be determined at this time. 

Results of occupational epidemiologic studies of chromium-exposed workers are 
consistent across investigators and study populations. Dose-response relationships have been 
established for chromium exposure and lung cancer. Workers in the chromium industry are 
exposed to both Cr(IlI) and Cr(VI) compounds. Because only Cr(VI) has been found to be 
carcinogenic in animal studies, however, data support only the classification of Cr(VI) as a 
human carcinogen. 

Animal data provide suggestive evidence of the carcinogenicity of hexavalent chromium. 
Hexavalent chromium compounds have produced the following tumor types in animal assays: 
lung tumors following inhalation of aerosols of sodium chromate and pyrolized Cr(VI)/Cr(III) 
oxide mixtures in rats, lung tumors following intratracheal administration of sodium dichromate 
in rats, intrapleural implant site tumors for various Cr(VI) compounds in rats, intrabronchial 
implantation site tumors for various Cr(VI) compounds in rats, intramuscular injection site 
tumors in rats and mice, and subcutaneous injection site sarcomas in rats. Inflammation is 
considered to be essential for the induction of most chromium inhalation effects and may 
influence the carcinogenicity ofCr(VI) compounds (Glaser et aI., 1985). 

In vitro data are suggestive of a potential mode of action for hexavalent chromium 
carcinogenesis. Cr(VI) readily passes through cell membranes and is rapidly reduced 
intracellularly to generate reactive Cr(V) and Cr(IV) intermediates and reactive oxygen species. 
The reactive oxygen species may interact with DNA to form premutagenic lesions. Hexavalent 
chromium has been shown to be mutagenic in bacterial assays, yeasts, and V79 cells, and Cr(VI) 
compounds decrease the fidelity of DNA synthesis in vitro and produce unscheduled DNA 
synthesis as a consequence of DNA damage. Chromate has been shown to transform both 
primary cells and cell lines. 
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IARC (1990) concluded that there is sufficient evidence of respiratory carcinogenicity in 
humans occupationally exposed during chromate production. Animal data were considered 
supportive of the epidemiological data; however, the relative contributions to carcinogenic risk of 
metallic chromium, trivalent chromium, hexavalent chromium, or soluble versus insoluble 
chromium compounds could not be elucidated. IARC (1982) classified chromium and chromium 
compounds as Group I chemicals. 

At present, the carcinogenicity of hexavalent chromium by the oral route of exposure 
cannot be determined. One study of miners in Ontario suggested that exposure to chromium may 
have been associated with stomach cancer, but other human and animal studies have not reported 
similar effects. 

4.7. OTHER HAZARD IDENTIFICATION ISSUES 

4.7.1. Possible Childhood Susceptibility 

A number of factors may differentially affect the response of children to toxicants such as 
Cr(VI). These factors include diet and physical environment as well as maturation of 
physiological and biochemical processes. At present, there is too little information to make any 
statements about how these factors may specifically affect the toxicological responses of Cr(VI) 
in children, be they cancer or noncancer. 

4.7.2. Possible Sex Differences 

The extent to which men differ from women in susceptibility to chromium toxicity has 
not been reported. The most significant health effects associated with exposure to Cr(VI) involve 
the respiratory system and kidney. While effects on the respiratory system are unlikely to differ 
significantly with gender, the effect of gender on kidney toxicity is unknown. 

5. DOSE-RESPONSE ASSESSMENTS 

5.1. ORAL REFERENCE DOSE (RID) 

5.1.1. Choice of Principal Study and Critical Effect 

Relatively few studies were located that addressed the oral toxicity of Cr(VI). One 
human study located in the literature, Zhang and Li (1987), reported on health effects in Chinese 
villagers who consumed drinking water from a well contaminated with hexavalent chromium 
from an alloy plant in Jinzhou. The Jinzhou area is heavily industrialized. In 1965, the well 
water in a nearby suburban area was found to be stained yellow, presumably because of 
chromium contamination from a mining operation which had begun operating in 1959. The 
mining operation was initially conducted in pilot scale, with a poor recovery rate for chromium 
(24.5%). Full-scale operation began in 1965. At this time, waste water was generated at a rate of 
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125 pounds/hour and contained concentrations of up to 105 mglL hexavalent chromium. Waste 
water was deposited directly into a surface channel. Following sedimentation, the surface water 
concentration was still in excess of 20 mglL. In addition to the surface water discharge, the 
mining operation generated hexavalent chromium-containing steam and a considerable amount 
of chromium-containing mine tailings. The tailings were stored in an open waste pile, containing 
approximately 300,000 pounds of waste, covering an area of 50 hectares. The waste pile 
constituted an additional source of ground water contamination through leaching and surface 
water runoff. In 1965, more than 28% of the area ground water samples were observed to be 
contaminated with chromium, with 54% of the samples contaminated at a concentration of 20 
mg/L or greater. Ground water samples were found to be contaminated over an area of 10 square 
kilometers. In 1965, the material in the waste pile was found to contain an average of 1.55% 
hexavalent chromium. The soil in the vicinity of the waste pile was found to contain an average 
concentration of hexavalent chromium of 4,700 mg/kg, and OJ pounds/day of hexavalent 
chromium was estimated to leach into the ground water from the waste pile. In addition, 
irrigation water for the considerable agricultural operation in the vicinity of Jinzhou was 
contaminated with chromium at concentrations of 0.006-0.739 mgIL. However, concentrations 
in soil and produce in the agricultural areas were only slightly elevated above the controls. 

In 1965, a study of 155 subjects exposed to drinking water at concentrations of 
approximately 20 mgIL of hexavalent chromium was conducted outside Jinzhou. Subjects were 
observed to have sores in the mouth, diarrhea, stomach ache, indigestion, and vomiting. Subjects 
were observed to have elevated white blood cell counts with respect to controls, as well as a 
higher per capita rate of cancers, including lung cancer and stomach cancer. Precise exposure 
concentrations, exposure durations, and confounding factors were not discussed, and this study 
does not provide a NOAEL for the observed effects. However, the study suggests that 
gastrointestinal effects may occur in humans following exposures to hexavalent chromium at 
levels of 20 ppm in drinking water (Zhang and Li, 1987). 

Several animal studies addressing oral toxicity of hexavalent chromium were located in 
the literature. Anwar et al. (1961) exposed groups of female dogs (2/group) to up to 11.2 ppm 
Cr(VI) in drinking water for 4 years with no effect. MacKenzie et al. (1958) exposed groups of 
Sprague-Dawley rats (16-21/group) to up to 25 ppm Cr(VI) in drinking water for 1 year. No 
significant adverse effects were seen in any treatment group. Both the Mackenzie et al. (1958) 
and Anwar et al. (1961) studies are limited by the small number of animals/group and the lack of 
an observed effect at any dose level. While the MacKenzie et al. study has the additional 
limitation of being conducted for only 1 year, this study is considered to be more useful for risk 
assessment because of the identification of a NOAEL value and the larger number of animals per 
dose group that those available from Anwar et al. (1961). 

Elbetieha and AI-Hamood (1997) reported adverse impacts on the male reproductive 
system and fertility, and reduced numbers of implantations and viable fetuses in pregnant females 
following exposures to hexavalent chromium. Information regarding the amount of water 
consumed by the animals was not provided, and this study is not considered useful for this risk 
assessment. 
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The National Toxicology Program (NTP 1996a,b, 1997) did not observe reproductive 
effects in either sex ofBALB/C mice or Sprague-Dawley rats following oral exposures to 15 -
400 ppm Cr(VI) in the diet. 

Junaid et al. (1996) and Kanojia et al. (1996) exposed female Swiss albino mice and 
female Swiss albino rats, respectively, to 250, 500, or 750 ppm potassium dichromate in drinking 
water to determine the potential embryotoxicity of hexavalent chromium during days 6-14 of 
gestation. The authors reported retarded fetal development and embryo- and fetotoxic effects 
including reduced fetal weight, reduced number of fetuses (live and dead) per dam, and higher 
incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed mothers. 
Significantly reduced ossification in bones was also observed in the medium- and high-dose 
groups. Based on the body weight and the drinking water ingested by the animals in the 250 ppm 
dose group, the exposure levels in the 250 ppm groups can be identified as 67 mg/kg-day and 37 
mg/kg-day in mice and rats, respectively. 

The Junaid et al. (1996) and Kanojia et al. (1996) studies utilized doses approximately 
10-fold higher than those used in Mackenzie et al (1958), but neither of the reproductive studies 
identified a clear NOAEL for the embryotoxic effects of hexavalent chromium. Based on the 
body weight and the drinking water ingested by the animals in the low-dose groups (250 ppm), 
the LOAELs of67 mg/kg-day and 37 mg/kg-day can be identified from Junaid et al. (1996) and 
Kanojia et al. (1996) in mice and rats, respectively. Application of 10-fold uncertainty factor to 
extrapolate from LOAELs to NOAELs in these studies would generate NOAELs of 6.7 mg/kg
day and 3.7 mg/kg-day, respectively. These extrapolated NOAEL values are similar to, and 
support the use of, the NOAEL of2.5 mg/kg-day identified from the study of MacKenzie et al. 
(1958) for development of the reference dose. 

5.1.2. Method of Analysis 

MacKenzie et al. exposed groups of eight male and eight female Sprague-Dawley rats to 
0.45-11.2 ppm (0.45-11.2 mg/L) hexavalent chromium (as K2Cr04) for 1 year in drinking water. 
The control group (10/sex) received distilled water. A second experiment involved three groups 
of 12 male and 9 female rats. One group was given 25 ppm (25 mg/L) chromium (as K2Cr04), a 
second received 25 ppm chromium in the form of chromic chloride, and the controls again 
received distilled water. No significant adverse effects were seen in appearance, weight gain, or 
food consumption, and there were no pathologic changes in the blood or other tissues in any 
treatment group. The rats receiving 25 ppm of chromium (as K2Cr04) showed an approximate 
20% reduction in water consumption. This dose corresponds to 2.5 mg Cr(VI)/kg/day based on 
actual body weight and water consumption data. 

For rats treated with 0-11 ppm (in the diet), blood was examined monthly and tissues 
(livers, kidneys and femurs) were examined at 6 mo and 1 year. Spleens were also examined at 1 
year. The 25 ppm groups (and corresponding controls) were examined similarly, except that no 
animals were killed at 6 mo. An abrupt rise in tissue chromium concentrations was noted in rats 
treated with greater than 5 ppm. The authors stated that "apparently, tissues can accumulate 
considerable quantities of chromium before pathological changes result." In the 25 ppm 
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treatment groups, tissue concentrations of chromium were approximately 9 times higher for those 
treated with hexavalent chromium than for the trivalent group. Similar no-effect levels have 
been observed in dogs. Anwar et ai. (1961) observed no significant effects in female dogs 
(2/dose group) given up to 11.2 ppm Cr(VI) (as K2Cr04) in drinking water for 4 years. The 
calculated doses were 0.012-0.31 mg/kg of Cr(VI). 

5.1.3. RID Derivation 

No effects were reported at any dose level in the MacKenzie et ai. study. The highest 
dose group (25 mg/L) was selected for derivation of the reference dose. Based on the body 
weight of the rat (0.35 kg) and the average daily drinking water consumption for the rat (0.035 
l/day), this dose can be converted to give an adjusted NOAEL of2.5 mg/kg-day. 

The adjusted NOAEL is further modified by two 10-fold uncertainty factors to account 
for the expected interspecies and interhuman variability in lieu of specific data. An additional 
threefold uncertainty factor is applied to the adjusted NOAEL to compensate for the less-than
lifetime exposure duration in the MacKenzie et ai. study. A threefold modifying factor is applied 
to address concerns raised by the study of Zhang and Li (1987). The total uncertainty factor 
applied to the adjusted NOAEL is 900. Application of the uncertainty factor to the adjusted 
NOAEL of 2.5 mg/kg-day gives the reference dose of 3 x 10-3 mg/kg-day. 

5.2. INHALATION REFERENCE CONCENTRATION (RfC) 

The inhalation reference concentration (RfC) is based on the assumption that thresholds 
exist for certain toxic effects such as cellular necrosis, but may not exist for other toxic effects 
such as carcinogenicity. In general, the RfC is an estimate (with uncertainty spanning perhaps an 
order of magnitude) of a daily exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious effects during a lifetime. 

5.2.1. Choice of Principal Study and Critical Effect 

Numerous studies have reported upper respiratory, lower respiratory, and kidney effects 
in humans and animals following exposures to hexavalent chromium. Of these endpoints, upper 
and lower respiratory effects appear to be the most sensitive and are discussed in greater detail 
below. 

Three studies have focussed on nasal mucosal irritation, atrophy, and perforation 
following occupational exposures to chromic acid mists (Cohen et aI., 1974; Lucas and 
Kramkowski, 1975; Lindberg and Hedenstierna, 1983). Of these, the study of Lindberg and 
Hedenstierna provides the most information on exposure levels and symptoms reported by 
exposed workers. Respiratory symptoms, lung function, and changes in nasal septum were 
studied in 104 workers (85 males, 19 females) exposed in chromeplating plants. Workers were 
interviewed using a standard questionnaire for the assessment of nose, throat, and chest 
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symptoms. Nasal inspections and pulmonary function testing were performed as part of the 
study. 

The median exposure time for the entire group of exposed subjects (104) in the study was 
4.5 years (0.1-36 years). Forty-three subjects exposed almost exclusively to chromic acid 
experienced a mean exposure time of 2.5 years (0.2-23.6 years). The subjects exposed almost 
exclusively to chromic acid were divided into a low-exposure group (8 hr TWA below 0.002 
mg/m3

, N = 19) and high exposure group (8 hr TWA above 0.002 mg/m3
, N = 24). Exposure 

measurements using personal air samplers were performed for 84 subjects in the study on 13 
different days. Exposure for the remaining 20 workers was assumed to be similar to that 
measured for workers in the same area. Nineteen office employees were used as controls for 
nose and throat symptoms. A group of 119 auto mechanics whose lung function had been 
evaluated by similar techniques was selected as controls for lung function measurements. 
Smoking habits of workers were evaluated as part of the study. 

At mean exposures below 0.002 mg/m3
, 4119 workers from the low-exposure group 

complained of subjective nasal symptoms. Atrophied nasal mucosa were reported in 4119 
subjects from this group and 11119 had smeary and crusty septal mucosa, which was statistically 
higher than controls. No one exposed to levels below 0.001 mg/m3 complained of subjective 
symptoms. At mean concentrations of 0.002 mg/m3 or above, approximately one-third of the 
subj ects had reddened, smeary, or crusty nasal mucosa. Atrophy was seen in 8124 workers, 
which was significantly different from controls. Eight subjects had ulcerations in the nasal 
mucosa and five had perforations of the nasal septum. Atrophied nasal mucosa was not observed 
in any of the 19 controls, but smeary and crusty septal mucosa occurred in 5119 controls. 

Short-term effects on pulmonary function were evaluated by comparing results of tests 
taken on Monday and Thursday among exposed groups and controls. No significant changes 
were seen in the low-exposure group or control group. Nonsmokers in the high-exposure group 
experienced significant differences in pulmonary function measurements from the controls, but 
the results were within normal limits. 

The authors concluded that 8-hour mean exposures to chromic acid above 0.002 mg/m3 

may cause a transient decrease in lung function, and that short-term exposures to greater than 
0.02 mg/m3 may cause septal ulceration and perforation. Based on the results of this study, a 
LOAEL of 0.002 mg/m3 can be identified for incidence of nasal septum atrophy following 
exposure to chromic acid mists in chromeplating facilities. It should be noted that there are 
significant uncertainties related to the use of this LOAEL for development of an RfC for 
hexavalent chromium in the environment. There is considerable uncertainty with regard to the 
relevance of the nasal septum atrophy endpoint observed in the chromeplating industry to 
exposure to hexavalent chromium in the environment. The effects were observed in 
chromeplaters exposed to chromic acid mists near the plating baths. Environmental exposures 
would most likely occur through contact with hexavalent chromium dusts. An additional 
uncertainty is related to the determination of dose in the Lindberg and Hedenstiema study. Nasal 
septum atrophy in this study was related to time-weighted average (TWA) exposures to chromic 
acid. The most significant effects (nasal septum perforation) were observed in workers who 
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experienced peak excursions to levels considerably greater than the TWA. It is uncertain 
whether the peak excursion data or the TWA are more appropriate for the determination of dose 
in this study. 

An alternative approach to development of the RfC is to focus on respiratory effects 
following inhalation of hexavalent chromium particulates. Two studies provide high quality data 
on lower respiratory effects following exposures to chromium particulates (Glaser et aI., 1990; 
Glaser et aI., 1985). Glaser et ai. (1990) exposed 8-week-old male Wistar rats to sodium 
dichromate at 0.05 - 0.4 mg Cr(VI)/m3 22 hr/day, 7days/week for 30-90 days. Chromium
induced effects occurred in a strong dose-dependent manner. The authors observed obstructive 
respiratory dyspnea and reduced body weight following subacute exposure at the higher dose 
levels. The mean white blood cell count was increased at all doses (p < 0.05) and was related to 
significant dose-dependent leukocytosis following subacute exposures. Mean lung weights were 
significantly increased at exposure levels of 0.1 mg/m3 following both the subacute and 
subchronic exposures. Accumulation of macrophages was seen in all of the exposure groups and 
was postulated to be a chromium-specific irritation effect that accounted for the observed 
increases in lung weights. Focal inflammation was observed in the upper airways following the 
subchronic exposure, and albumin and LDH in BALF were increased following the exposure. 
The authors concluded that chromium inhalation induced pneumocyte toxicity and suggested that 
inflammation is essential for the induction of most chromium inhalation effects, and may 
influence the carcinogenicity of Cr(VI) compounds. 

Glaser et ai. (1985) exposed 5-week-old male Wistar rats to aerosols of sodium 
dichromate at concentrations ranging from 0.025 to 0.2 mg Cr(VI)/m3, 22 hr/day in subacute (28 
day) or subchronic (90 day) protocols. Chromium-induced effects occurred in a dose-dependent 
manner. Lung and spleen weights were significantly increased (p < 0.005) after both subacute 
and sub chronic exposures at concentrations greater than 0.025 mg/m3. Differences in the mean 
total serum immunoglobulin were also significant at exposures above 0.025 mg/m3, while 
exposures to aerosol concentrations greater than 0.1 mg/m3 resulted in depression of the immune 
system stimulation. The immune-stimulating effect of sub chronic exposure was not reversed 
after 2 mo of fresh air regeneration. BAL cell counts were significantly decreased following 
subchronic exposure to levels above 0.025 mg/m3 chromium. The number oflymphocytes and 
granulocytes showed a slight but significant increase in the lavage fluids of the subacute and 
subchronically exposed groups. At subacute exposure concentrations up to 0.05 mg/m3, the 
phagocytic activity of the alveolar macrophages increased; however, sub chronic exposure at 0.2 
mg/m3 decreased this function significantly. The spleen T -lymphocyte subpopulation was 
stimulated by subchronic exposure to 0.2 mg/m3 chromium, and serum contents oftriglycerides 
and phospholipids differed significantly from controls (p < 0.05) at this concentration. 

Together, these studies provide useful information on chromium exposure-related impacts 
including lung and spleen weight, lactate dehydrogenase (LDH) in BALF, protein in BALF, and 
albumin in BALF. The cellular content of BALF is considered representative of initial 
pulmonary injury and chronic lung inflammation, which may lead to the onset of pulmonary 
fibrosis (Henderson, 1988). While these studies present dose-dependent results on sensitive 
indicators of lower respiratory toxicity, potential upper respiratory impacts resulting from the 
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exposures were not addressed. Glaser et al. (1990) states that the upper respiratory tract was 
examined, but these data are not reported. In light of the numerous reports of severe upper 
respiratory impacts following exposure to chromic acid in the occupational setting, the studies of 
Glaser et al. alone are not considered sufficient to support derivation of an Rfe for chromium. 

While the studies of Lindberg and Hedenstiema (1983) and Glaser et al. (1985, 1990) are 
independently considered insufficient for development of an Rfe for hexavalent chromium, 
taken together these offer an approach for development of an Rfe. 

5.2.2. RfC Derivation 

Lindberg and Hedenstiema (1983) will be used to support development of an Rfe for 
upper respiratory effects of chromic acid mists and dissolved hexavalent chromium aerosols, and 
Glaser et al. (1985, 1990) will be used to support development of an Rfe for lower respiratory 
effects from chromium particulates. 

5.2.2.1. Chromic Acid Mists and Dissolved Hexavalent Chromium Aerosols 

A LOAEL for nasal septum atrophy of 2 llg/m3 chromic acid can be identified based on 
the results of Lindberg and Hedenstiema (1983). At TWA exposures greater than 2 Ilg/m3, nasal 
septum ulceration and perforations occurred in addition to the atrophy reported at lower 
concentrations. The LOAEL is based on an 8-hour TWA occupational exposure. The LOAEL is 
adjusted to account for continuous exposure according to the following equation: 

where: 

LOAELc 

MVho 
MVh 

LOAELc = 2 llg/m3 x (MVho/MVh) x 5 days/7 days 

is the LOAEL for continuous exposure 
is the breathing volume for an 8-hour occupational exposure (10 m3) 
is the breathing volume for a 24-hour continuous exposure (20 m3) 

The LOAEL of 2 Ilg/m3 based on a TWA exposure to chromic acid is converted to a 
LOAEL for continuous exposure ofO.7141lg/m3. An uncertainty factor of3 is applied to the 
LOAEL to extrapolate from a subchronic to a chronic exposure, an uncertainty factor of 3 is 
applied to account for extrapolation from a LOAEL to a NOAEL, and an uncertainty factor of 10 
is applied to the LOAEL to account for interhuman variation. The total uncertainty factor 
applied to the LOAEL is 90. Application of the uncertainty factor of90 to the LOAEL of 0.714 
llg/m3 generates an Rfe for upper respiratory effect of chromic acid mists and dissolved 
hexavalent chromium aerosols of 0.008 llg/m3. 
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5.2.2.2. Hexavalent Chromium Dusts 

Glaser et al. (1990) exposed male Wistar rats to 0.05-0.4 mg/m3 sodium dichromate 22 
hr/day, 7 days/week for 30 or 60 days, or 90 days with a 30-day recovery period. In Glaser et al. 
(1985), male Wistar rats were exposed to 0.025 - 0.2 mg/m3 sodium dichromate 22 hr/day, 7 
days/week for 28 or 90 days. Data were reported on numerous endpoints indicative of lung 
toxicity. One approach for development of an RfC using these data was offered by MaIsch et al. 
(1994), who generated an inhalation RfC for chromium dusts using a benchmark concentration 
(BMC) approach. The Agency based its RfC derivation on this approach. After excluding 
exposures for periods ofless than 90 days from the BMC analysis, MaIsch et al. (1994) 
developed BMCs for lung weight, lactate dehydrogenase (LDH) in BALF, protein in BALF, 
albumin in BALF, and spleen weight. The MaIsch et al. (1994) analysis defined the benchmark 
concentration as the 95% lower confidence limit on the dose corresponding to a 10% relative 
change in the endpoint compared to the control. Dose-effect data were adjusted to account for 
discontinuous exposure (22 hr/day) and the maximum likelihood model was used to fit 
continuous data to a polynomial mean response regression, yielding maximum likelihood 
estimates of36 -78 /lg/m3 and BMCs of 16 - 67 /lg/m3. MaIsch et al. (1994) applied dosimetric 
adjustments and uncertainty factors to the BMCs to determine a RfC based on the following 
equation: 

where: 

RfC = BMC x RDDR 
UFAx UFF X UFH 

RfC is the inhalation reference concentration 
BMC is the benchmark concentration (lower 95% confidence limit on the dose 

corresponding to a 10% relative change in the endpoint compared to the control) 
RDDR is the regional deposited dose ratio to account for pharmacokinetic differences between 

speCIes 
UF A is a threefold uncertainty factor to account for pharmacodynamic differences not 

addressed by the RDDR 
UFF is a threefold uncertainty factor to account for extrapolating from subchronic to 

chronic exposures; and 
UFH is a 10-fold uncertainty factor to account for the variation in sensitivity among 

members of the human population 

The RDDR factor is incorporated to account for differences in the deposition pattern of 
inhaled hexavalent chromium dusts in the respiratory tract of humans and the Wistar rat test 
animals (Jarabek et aI., 1990). The RDDR of2.1355 was taken from U.S. EPA (1990), based on 
the mass median aerodynamic diameter (0.28 /lm for dose levels of 50-100 /lg/m3 and 0.39 for 
dose levels of 100-400 /lg/m3) and the geometric standard deviation (1. 63 for dose levels of 50-
100 /lg/m3 and 1. 72 for dose levels of 100-400 /lg/m3) of the particulates reported in Glaser et al. 
(1990). A 3. 16-fold uncertainty factor (midpoint between 1 and 10 on a log scale) was 
incorporated to account for the pharmacodynamic differences not accounted for by the RDDR. 
An additional 3 . 16-fold uncertainty factor was incorporated to account for the less-than-lifetime 
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exposure in Glaser et ai. (1990), and a 1 O-fold uncertainty factor was applied to account for 
variation in the human population. A total uncertainty factor of 100 was applied to the BMC in 
addition to the RDDR. 

Glaser et ai. (1990) reported that LDH in BALF increased in a dose-dependent fashion 
from 50 to 400 llg/m3 sodium dichromate, and this endpoint generated the lowest BMC (16 
llg/m3) and RfC (0.34 llg/m3). LDH in BALF is considered the among the most sensitive 
indicators of potential lung toxicity (Henderson, 1984, 1985, 1988; Beck et aI., 1982; Venet et 
aI., 1985), as LDH is found extracellularly after cell damage and BALF is the closest site to the 
original lung injury. LDH in BALF may also reflect chronic lung inflammation, which may lead 
to pulmonary fibrosis through prevention of the normal repair of lung tissue (Henderson, 1988). 

Several uncertainties must be addressed with regard to the BMC and RfC developed by 
MaIsch et ai. (1994). Potentially important endpoints including upper airway effects and 
potential renal or immunological toxicity were not addressed in the Glaser et ai. (1985, 1990) 
studies and could not be included in the BMC analysis. While LDH in BALF resulted in the 
lowest BMC and RfC, several of the effects noted in Glaser et ai. (1985, 1990) can be considered 
indicative of an inflammatory response, and might be equally suited to development of the RfC. 
In addition, the threefold uncertainty factor accounting for the use of a sub chronic study may not 
be sufficiently protective for long-term effects. While the analysis acknowledged the importance 
of particle size and airway deposition in the development of the RDDR, the potential impact of 
different particle sizes in respiratory toxicity by hexavalent chromium particulates was not 
addressed. 

Several of these uncertainties have been conservatively addressed in the analysis of 
MaIsch et ai. (1994). LDH in BALF generated the lowest estimate of the BMC from the effects 
noted by Glaser et ai. (1985, 1990). This effect can be considered to be indicative of cell damage 
that occurs prior to fibrosis, as LDH appears in BALF following cell lysis. While other 
endpoints considered in the MaIsch et ai. (1994) analysis demonstrated a relatively better curve 
fit than LDH in BALF, the model generated a conservative fit in the data that is unlikely to 
overestimate the BMC, and the curve fit for LDH in BALF is considered to be acceptable. LDH 
in BALF as reported in Glaser et ai. (1990) is considered to be an acceptable endpoint for 
development of an RfC for inhalation of hexavalent chromium particulates, and MaIsch et ai. 
(1994) used a reasonable approach for development of a BMC based on this endpoint. 

The threefold uncertainty factor used to account for the subchronic study is insufficient 
for development of the RfC for inhalation of chromium particulates. Glaser et ai. (1985) 
demonstrated that at the end of the 90-day exposure period, chromium was still accumulating in 
the lung tissue of the test animals, suggesting that lower long-term exposures might lead to 
accumulation of a critical concentration in the lung. Subchronic studies also may not adequately 
predict the presence of inflammatory effects from lower long-term exposures. The Agency has 
therefore determined that a lO-fold uncertainty factor accounting for the use of a subchronic 
study is more appropriate in this case for the development of the RfC for inhalation of chromium 
particulates. 
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Selection of a threefold uncertainty factor to account for the pharmacodynamic 
differences not accounted for by the RDDR, an additional lO-fold uncertainty factor to account 
for the less-than lifetime exposure in Glaser et ai. (1990), and a 10-fold uncertainty factor to 
account for variation in the human population generates a total uncertainty factor of 300. 
Application of the total uncertainty factor of 300 and the RDDR of 2.1576 to the BMC generated 
by MaIsch et ai. (1994) based on LDH in BALF (Glaser et aI., 1990) results in an RfC of 0.1 
flg/m3 for inhalation of hexavalent chromium particulates. The selected RfCs are 0.008 flg/m 3 

for chromic acid mists and dissolved hexavalent chromium aerosols and 0.1 flg/m3 for hexavalent 
chromium particulates. 

5.3. CANCER ASSESSMENT 

5.3.1. Summary 

There are many epidemiologic studies demonstrating that hexavalent chromium (CrVI) is 
a potential human carcinogen, but few provide adequate exposure data for use in risk estimation. 
Mancuso (1975) provides limited but adequate information for this purpose, and Mancuso's data 
are used as the main database for estimating the carcinogenic potency of hexavalent chromium. 
Three foreign studies on ferrochromium plants were also considered for use in the potency 
calculations. From the quantitative risk assessment viewpoint, these studies are less adequate 
than the Mancuso study. For the Norwegian study (Langard et aI., 1980), the exposure 
measurements were taken in 1975, while some workers could have been exposed to chromium as 
early as 1928, when the ambient dust levels were much higher than in later years. For the 
Swedish study (Axelsson et aI., 1980), the chromium-exposed workers did not show a 
significant increase of lung cancer, and thus only the statistical upper bound of the response can 
be used in potency estimation. It is expected that the use of data from the Norwegian and 
Swedish studies would result in an overestimation of the true carcinogenic potency of hexavalent 
chromium. While a Russian study (Pokrovskaya and Shabynina, 1973) does not have the 
deficiencies of the other two foreign studies, the cohort in this study is not well defined and is not 
suitable for use in risk assessment. 

Animal data from intratracheal studies were not used to estimate the carcinogenic potency 
of chromium by inhalation because there is limited pharmacokinetic information relating the 
distribution of chromium to lung tissues by inhalation and by intratracheal administration. This 
information is needed to reconcile the differences in dose distribution between these two 
exposure patterns. Furthermore, the physiological mechanism of dose distribution by 
intratracheal administration may depend (in a nonlinear fashion) on the dose levels used in the 
experiment, as evidenced by the observation that a single administration of sodium dichromate 
induced a carcinogenic response in Sprague-Dawley rats but failed to induce a response when the 
same weekly dose was given over 5 days (Steinhoff et aI., 1983). 

5.3.2. Dose-Response Data 
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The Mancuso (1975) study was based on a cohort of332 white male workers who were 
employed in a chromate plant between 1931 (when the plant began to operate) and 1937, and 
who were followed to 1974. Mancuso reported lung cancer death rates by levels of exposure to 
soluble, insoluble, and total chromium concentrations. Because only lung cancer mortality for 
total chromium exposure was reported by age group, only the dose-response data for total 
chromium were used to estimate the carcinogenic potency of hexavalent chromium. The use of 
dose-response data for total chromium would result in an underestimation of the potency of 
hexavalent chromium. An additional uncertainty of the study was the assumption that the 
smoking habits of chromate workers were similar to those of the general white male population. 
This assumption may lead to an overestimation of the role of hexavalent chromium in lung 
cancer seen in the cohort. 

Exposure information in the Mancuso study was derived from an industrial hygiene study 
of the plant conducted in 1949 (Bourne and Yee, 1950). In this study, TWAs of exposure to 
insoluble, soluble, and total chromium per cubic meter were calculated for each occupation and 
for each worker in every department. Using these data and company personnel records, Mancuso 
was able to calculate an estimate of exposure to soluble, insoluble, and total chromium by 
duration of exposure (in mg/m3/years) for each member of the 1931-37 cohort. In 1949, after the 
industrial hygiene study had been conducted, the company initiated a comprehensive program 
designed to reduce employees' exposures and improve manufacturing efficiency. Until that time, 
however, the company had not undertaken any programs for the purpose of reducing employee 
exposure. It should be noted that Bourne and Yee (1950), who conducted the industrial hygiene 
survey in 1949, reported that "in order to meet price and quality competition, improvements in 
equipment and processes have been made periodically during the past 18 years, and it is the 
universal experience of industrial hygiene personnel that greater process efficiency is almost 
invariably associated with a more healthful working environment. Therefore, there seems little 
doubt that atmospheric contamination in the past was greater than in 1949." Nonetheless, no 
concerted effort was made to reduce employee exposure until late in 1949, and because this 
particular plant was a relatively modem one at the time of the survey, it is unlikely that 
improvements in efficiency over the period 1931 to 1949 would have reduced employee 
exposure to a great extent. Thus, Mancuso is considered to have utilized a reasonable 
approximation of what workers in the study cohort were exposed to during their entire working 
history. Exposure in the cohort may be slightly underestimated because of the likelihood that a 
greater proportion of the "total exposure" was contributed prior to 1949 than after 1949. The 
effects of underestimating the exposure concentration, as well as the effects of other uncertainties 
on the estimation of potency, are addressed in Section 6. 

5.3.3. Dose Conversion 

Table 3, which is taken from Mancuso (1975), presents age-specific lung cancer deaths, 
corresponding person-years, and range of exposures to total chromium. To estimate the lifetime 
cancer risk due to exposure to chromium, it is assumed that an exposure, D (mg/m3/years), as 
presented in Table 3, is equivalent to the continuous exposure d (llg/m3) calculated by 
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d = D x 8 x 240 x 103 Ilg/m3 
fCe 24 365 

where Le is the midrange in each age category, f is the fraction of time in age exposed, and 8/24 
and 240/365 are the fractions of a day and year, respectively, that a worker spent at the plant. For 
instance, ifD = 8 mg/m3/years, Le = 60, and f= 0.65, then d = 44.96 Ilg/m3. The assumption off 
= 0.65 implies that the cohort exposure to chromium began at approximately age 20. The 
assumption is that the particular exposure pattern (unknown) leading to the cancer mortality rates 
as observed is equivalent to the continuous constant exposure starting from the age when 
exposure began. This assumption mayor may not be realistic. However, it would be less 
realistic to make a different assumption concerning the exposure pattern when the exposure 
estimates provided in Mancuso (1975) were determined using the weighted average of the 
duration of exposure for each respective job the worker had. 

Since the person-year in each category presented in Table 2 is very small, the exposure 
categories are combined as shown in Table 4 to increase statistical stability. The last column of 
Table 4 is given for the purpose of identifying which exposure categories in Table 2 are 
combined. The midrange of age and exposure concentration is used in Table 4. Data in this 
table are used to estimate the lifetime cancer risk due to chromium exposure. 

5.3.4. Extrapolation Method 

It has been widely recognized (e.g., Doll, 1971) that the age-specific incidence curve 
tends to be linear on doubly logarithmic graphs, or equivalently, the age-specific incidence 
follows the mathematical form: 

I(T) = bTk
-
1 

where band k are parameters that may be related to other factors such as dose, and T may be one 
of the following three cases: 

1. T is age when cancer is observed, 

2. T is the time from the first exposure to observed cancer, or 

3. T is the time from exposure to cancer minus the minimum time for a cancer to be clinically 
recognized. 

43 

NWMAR 117678 



Age 

50 

50 

50 

60 

60 

60 

70 

70 

Table 4. Combined age-specific lung cancer death rates and total chromium 
exposure (in Ilg/m3) 

Concentration Deaths Person-years Background Exposure 
(llg/m3) rateb range 

5.66 3 1,345 6.05 x 10-4 51.99 

25.27 6 931 6.05 x 10-4 2.0-5.99 

46.83 6 299 6.05 x 10-4 6.0-7.99 

4.68 4 1,063 1.44 x 10-3 51.99 

20.79 5 712 1.44 x 10-3 2.0-5.99 

39.08 5 211 1.44 x 10-3 6.0-7.99 

4.41 2 401 1.57 x 10-3 51.99 

21.29 4 345 1.57 x 10-3 2.0-7.99 
aThe midrange of each exposure category in Table 2 is first converted to !lglm3 by using f = 0.65 in the formula 
described in the section "data available for potency calculations." The concentrations presented in this table are the 
averages of several exposure categories weighted by corresponding person-years. 

bBackground rate is estimated from 1964 U.S. Vital Statistics. The year 1964 is selected because it is estimated that 
a large proportion of lung cancer deaths occurred during that year. 

This model has been shown to arise from the somatic mutation hypothesis of 
carcinogenesis (Armitage and Doll, 1954; Whittemore, 1978; Whittemore and Keller, 1978). It 
has also been shown to arise from the epigenetic hypothesis when the reversible cellular change 
is programmed to occur randomly (Watson, 1977). These authors and many others have used 
this model to interpret and/or estimate potency from human data. 

Since the data that could be used for risk estimation are limited, a simple model that fits 
the data should be used. Therefore, the observed age-specific incidence is assumed to follow the 
model 

I(t,d) = B(t) + h(t,d) 

where B(t) is the background rate at age t and h(t,d) = Q(d) (-1 with Q(d) = qld + qzdZ, a function 
of dose d. 

Once the parameters q), qz, and k are estimated, the lifetime cancer risk associated with an 
exposure d by age t, taking into account the competing risk, can be calculated by 

t s 

44 

NWMAR 117679 



P(t,d) = of h(s,d)exp {-[of h(y,d)dy + A(s)]}ds 

where exp[-A(s)] is the probability of surviving to age sand h(t,d) = I(t,d) - B(t) is the 
age-specific incidence after adjusting the background rate. 

To estimate the parameters in h(t,d) we assume, as is usually done, that the number of 
lung cancer deaths, X, at age t, follows the Poisson distribution with the expected value 

E(X) = N x [B + Q(d) (-1] 

where N is the person-year associated with X, B is the background rate at age t, and Q(d) = q1d + 
qzdz. 

Using the BMDP computer program P3R and the theory relating the maximum likelihood 
and nonlinear least square estimation by Jennrich and Moore (1975), the parameters qJ, qz, and k 
are estimated by the method of maximum likelihood as ql = 1.11 x 10-7

, qz = 1.84 x 10-9
, and k = 

2.915; the corresponding standard deviations are respectively 7.8 x 10-7
, 1.2 X 10-8

, and 1.7. 

Thus, the age-specific cancer death incidence at age t due to chromium exposure d llg/m3 
is given by 

h(t,d) = Q(d) tl.915 

where 

The model fits the data well, as can be seen from the goodness-of-fit statistic 

which has, asymptotically, a chi-square distribution with 5 degrees of freedom under the model 
specified. The observed and predicted values used in calculating XZ are (3, 2.5), (6, 7.2), (6, 5.1), 
(4,3.1), (5, 6.7), (5,4.1), (2,1.4), and (4,4.3). 

Taking into account the competing risk, the lifetime probability of lung cancer death due 
to exposure to chromium d llg/m3 is given by 

L 
P(L,d) = of h(t,d)exp {-[(Q(d)I2.915) e·915 + A(t)]}dt 

where L is the maximum human lifetime and is mathematically equivalent to infinity, since the 
probability of surviving beyond L is O. At low doses approximately, 

P(L,d) = d x P(L,I) 
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where P(L,I) is the lifetime cancer risk due to exposure to 1 llg/m3 of chromium. The unit risk, 
P(L,I), has been adopted by the EPA as an indicator of the carcinogenic potency of a chemical 
compound. 

5.3.5. Inhalation Unit Risk 

To calculate the unit risk, peL, 1) it is necessary to know exp[ -A(t)], the probability of 
surviving to age t. Since this probability can only be estimated, it is assumed that the survival 
probability is constant over a 5-year interval, as provided in the US. Vital Statistics. 

U sing this approximation and by integrating the formula peL, 1) we have 

P(L, 1) = IJexp(-3.87 x 10-8 ti}·915) - exp(-3.87 x 10-8 ti2.915)] x Pi 

where (ti-b ti) is a 5-year interval and Pi is the probability of survival up to the age ti-1. Pi is 
assumed to be a constant over the interval and is estimated from the 1975 US. Vital Statistics. 

As a crude approximation, the carcinogenic potency of chromium can be also be 
calculated by B = (R-l) x Pid, where Po = 0.036 is the estimated lung cancer mortality rate for 
the US. population, R is the relative risk of the lung cancer deaths in the cohort, and d is the 
"standardized" lifetime dose concentration to which the workers were assumed to be exposed. 
This approach is used by EPA to calculate carcinogenic potency when the only data available are 
the relative risk estimate and an average exposure concentration. 

For the Mancuso (1975) data, the relative risk R and the "standardized" dose dare 
estimated respectively to be R = 7.2 and d = 15.5 Ilg/m3. They are calculated by combining the 
relative risks and dose concentrations in each of the age-exposure categories, weighted by the 
relative magnitude of person-years, as shown in Table 4. 

Therefore, the carcinogenic potency of hexavalent chromium (CrVI) is estimated to be 

B = (7.2-1) x 0.036115.5 = 1.4 x 1O-2/Ilg/m3 

This crude estimate is only slightly higher than the previous estimate, 1.2 x 1O-2/Ilg/m3. 

6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF 
HAZARD AND DOSE RESPONSE 

6.1. HUMAN HAZARD POTENTIAL 

Chromium is a naturally occurring element present in rocks, soils, plants, animals, and 
volcanic emissions. Chromium may exist in several chemical forms and valence states in the 
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environment. The most commonly occurring valence states are chromium metal (0), trivalent 
Cr(III), and hexavalent Cr(VI). The primary sources of hexavalent chromium in the environment 
are most likely chromate chemicals used as rust inhibitors in cooling towers and emitted as mists, 
particulate matter emitted during manufacture and use of metal chromates, and chromic acid mist 
from the chromeplating industry. Hexavalent chromium in the atmosphere may react with dust 
particles or other pollutants to form trivalent chromium, or may be removed from air by 
atmospheric fallout and precipitation. Hexavalent chromium may exist in aquatic media as 
watersoluble complex anions and may persist in water. Hexavalent chromium may also may 
react with organic matter or other reducing agents to form trivalent chromium. Hexavalent 
chromium in soil tends to be reduced to trivalent chromium by organic matter. 

Cr(III) potentiates the action of insulin in peripheral tissue and is essential for animals and 
human beings. Adults in the United States are estimated to ingest approximately 60 Ilg/day of 
chromium from food (ATSDR, 1993). The national Research Council has identified an 
estimated safe and adequate daily dietary intake (ESADDI) for chromium of 50-200 Ilg/d (NRC, 
1989), corresponding to 0.71-2.9 Ilg/kg/day for a 70 kg adult. FDA has selected a Reference 
Daily Intake for chromium of 120 Ilg/d (DHHS, 1995). 

The bioavailability of chromium may be the single most important factor determining the 
toxicity ofa specific chromium source (O'Flaherty, 1996). Ingested hexavalent chromium is 
efficiently reduced to the trivalent form in the gastrointestinal tract. Gastrointestinal absorption 
of Cr(VI) occurs with greater efficiency than absorption of Cr(III), though absorption of ingested 
hexavalent chromium is estimated to be less than 5%. Following inhalation exposure, chromium 
may be absorbed into the systemic circulation, transferred to the gastrointestinal tract by 
mucociliary action, or remain in the lung. A number of factors can influence the absorption of 
chromium following inhalation, including the size, oxidation state, and solubility of the 
chromium particles; the activity of alveolar macrophages; and the interaction of chromium with 
biomolecules following deposition in the lung. Inhaled hexavalent chromium can be reduced to 
the trivalent form by ascorbate and glutathione. Absorption of inhaled chromium following 
occupational exposure has been demonstrated by the measurement of chromium in the serum and 
urine and hair of workers in the chromium industry. Water-soluble hexavalent chromium has 
been shown to be absorbed rapidly by inhalation in rats. 

A significant amount of absorbed chromium is taken up in the bone, liver, kidney, and 
spleen. Hexavalent chromium readily crosses cell membranes through the phosphate and sulfate 
anion-exchange carrier pathway. Cr(III) compounds may cross cell membranes, but only with 
very low efficiency. Cr(VI) readily passes through cell membranes and produces a number of 
potentially mutagenic DNA lesions upon intracellular reduction to Cr(III). Hexavalent chromium 
is mutagenic in bacterial assays, yeasts, and V79 cells, and transforms both primary cells and cell 
lines. 

Results of occupational epidemiologic studies of chromium-exposed workers across 
investigators and study populations consistently demonstrate that chromium is carcinogenic by 
the inhalation route of exposure. While data from these studies could be used to suggest that 
total chromium is carcinogenic by inhalation, animal data support the human carcinogenicity data 
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only on hexavalent chromium. Hexavalent chromium compounds have been shown to produce 
the following tumor types in animal assays: intramuscular injection site tumors in rats and mice, 
intrapleural implant site tumors in rats, intrabronchial implantation site tumors in rats, and 
subcutaneous inj ection site sarcomas in rats. Workers are exposed to both Cr(IlI) and Cr(VI) 
compounds. Because only Cr(VI) has been found to be carcinogenic in animal studies, however, 
it was concluded that only Cr(VI) should be classified as a human carcinogen. 

At present, the carcinogenicity of hexavalent chromium by the oral route of exposure 
cannot be determined because of a lack of sufficient epidemiological or toxicological data. One 
study of miners in Ontario suggested that exposure to chromium may have been associated with 
stomach cancer, but other human and animal studies have not reported similar effects. 

A number of epidemiological studies of workers in chromium production facilities have 
demonstrated an association between inhalation of Cr(VI) and upper respiratory irritation and 
atrophy, lower respiratory effects, and renal effects. There is significant uncertainty regarding the 
relevance of occupational exposures to chromic acid mists to environmental exposures to 
hexavalent chromium particulates, as well as the role of direct contact between chromium
contaminated hands and nasal passages in the studies reporting nasal irritation, atrophy, and nasal 
septum perforation in the occupational setting. Animal studies have reported a variety of effects 
including perforation of the nasal septum, necrosis, atrophy and hyperplasia of the bronchial 
epithelium, bronchiolization of the alveoli, alveolar proteinosis, changes in lung weight, lactate 
dehydrogenase in BALF, albumin in BALF, changes in tracheal and submandibular lymph nodes, 
atrophy of the spleen and liver, and ulcerations in the stomach and intestinal mucosa following 
exposures to Cr(VI) compounds by inhalation (Steffee and Baetjer, 1965; Nettesheim et aI., 
1971; Glaser et aI., 1985; Glaser et aI., 1990). 

Little data exist regarding health effects resulting from ingestion of hexavalent chromium. 
A single cross-sectional study was located that reported effects in humans resulting from 
ingestion of chromium-contaminated well water. Residents of a village in China were reported 
to have experienced oral ulcers, diarrhea, abdominal pain, indigestion, vomiting, leukocytosis, 
and presence of immature neutrophils. Other reports of toxic effects of Cr(VI) in humans are 
limited to case reports from accidental poisonings. With the exception of increased body burden 
of chromium, no significant adverse effects have been observed in animal studies following 
ingestion of chromium. 

High oral doses of hexavalent chromium compounds have been reported to cause 
reproductive and developmental toxicity in mice, including decreased fetal weight, increased 
resorptions, and increased abnormalities. A recent study in mice and rats determined that 
hexavalent chromium is not a reproductive toxicant in either sex. 

Chromium is one of the most common contact sensitizers in industrialized countries, and 
allergic contact dermatitis is associated with occupational exposures to numerous materials and 
processes, including chromeplating baths, chrome colors and dyes, cement, tanning agents, and 
wood preservatives. 
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6.2. DOSE RESPONSE 

The data of Mancuso (1975) were used to generate the unit risk for inhalation of 
hexavalent chromium of 1.2 x 1O-2/Ilg/m3. A recent follow-up study (Mancuso, 1997) is 
supportive of the conclusions of Mancuso (1975); however, several important uncertainties in the 
potency estimate result from the use of the Mancuso data for the dose-response estimation. 

The risk of hexavalent chromium is estimated on the basis of the total chromium obtained 
from all the soluble and insoluble chromium to which workers were exposed. Since there are 
likely differences between the chromium compounds to which workers were exposed, the 
potency of hexavalent chromium compounds may be underestimated. Bourne and Yee (1950) 
reported that the ratios of Cr(III) to Cr(VI) concentrations in the airborne dust in nine maj or 
departments in the plant in which the Mancuso cohort worked ranged from 1 to 3, except for two 
departments where the ratios were 6 for the lime and ash operation and 52 for the ore 
preparation. Excluding the ore operation, the maximum ratio of trivalent chromium to 
hexavalent chromium is 6, and thus the underestimation of the risk for hexavalent chromium is 
unlikely to be greater than sevenfold. 

Use of the hygiene data collected in 1949 may result in a slight underestimation of the 
levels of exposure workers experienced between 1931 and 1937. However, because the plant 
was relatively modern in the 1930s, the underestimation is unlikely to be large. If an 
underestimation of 2 times were assumed, then the unit risk would be reduced from 
1.2 x 1O-2/Ilg/m3to 6 x 1O-3/Ilg/m3. 

The risk presented in this report may be somewhat overestimated as a result of the 
assumption that smoking habits of chromate workers were similar to those of the general white 
male population. It is generally accepted that the proportion of smokers is higher for industrial 
workers (thus the higher background incidence rates) than for the general population. For 
example, the background age-specific rate of lung cancer at ages 50, 60, and 70 could be 40% 
greater than that presented in Table 4 should it be assumed that 80% of the chromate workers in 
the Mancuso study were ever-smokers (individuals who smoke at least 100 cigarettes during their 
lifetimes) and only 50% of the general white male population were ever-smokers. For example, 
if the background rate of lung cancer mortality (due to smoking) for the cohort in Table 4 is 
increased by 40%, then the corresponding unit risk would be reduced by about 25%, or from 1.2 
x 1O-2/Ilg/m3to 8.7 x 1O-3/llg/m3. 

Relatively few studies in the literature address the oral toxicity of Cr(VI). The Zhang and 
Li (1987) human study reported on health effects in 155 Chinese villagers who consumed 
drinking water contaminated with hexavalent chromium at 20 ppm. Only one exposure level was 
included and the study did not indicate whether the drinking water was contaminated with other 
materials in addition to hexavalent chromium. The study also did not address whether potential 
airborne exposures to hexavalent chromium from the plant or other confounding factors may 
have contributed to observed effects. The exposure period was unknown, and the study could not 
provide a NOAEL for the observed effects. However, the study of Zhang and Li suggests that 

49 

NWMAR 117684 



gastrointestinal effects in humans may occur at an exposure level of 20 ppm of hexavalent 
chromium in drinking water. 

Two studies have reported fetotoxic and developmental effects of Cr(VI) in mice and rats 
at exposure levels of250 - 700 ppm in drinking water (Junaid et aI., 1996; Kanojia et aI., 1996). 
While neither of these studies provide clear NOAEL values, LOAELs for fetotoxicity can be 
used to extrapolate to NOAELs of 6.7 mg/kg-day and 3.7 mg/kg-day in mice and rats, 
respectively. 

Both the MacKenzie et al. (1958) and Anwar et al. (1961) animal studies are limited by a 
small number of animals/group and a lack of an observed effect at any dose level. The 
MacKenzie et al. study has the additional limitation of being conducted for less than a lifetime. 
However, the MacKenzie study was considered to be most suitable for the dose-response 
assessment for ingested chromium and generated an adjusted NOAEL of2.5 mg/kg-day. 

The adjusted NOAEL from the MacKenzie study was modified by two 10-fold 
uncertainty factors to account for the expected interspecies and interhuman variability in lieu of 
specific data. An additional threefold uncertainty factor is applied to the adjusted NOAEL to 
compensate for the less-than-lifetime exposure duration in the Mackenzie study. A modifying 
factor of 3 is applied to account for uncertainties resulting from study of Zhang and Li. The total 
uncertainty factor applied to the adjusted NOAEL is 900, yielding an RID of 3 x 10-3 mg/kg-day. 
Confidence in the oral reference dose is low. Confidence in the chosen study is low because of 
the small number of animals tested, the small number of parameters measured, and the lack of 
toxic effect at the highest dose tested. Confidence in the database is low because the supporting 
studies are of equally low quality, because of concerns raised by the study of Zhang and Li, and 
because of the lack of information on teratogenic endpoints. Low confidence in the RID follows. 

Two RfCs have been generated for hexavalent chromium. The RfC for chromic acid 
mists and dissolved hexavalent chromium aerosols is based on a study of workers in a chromium 
plating facility (Lindberg and Hedenstierna, 1983). The occurrence of nasal mucosal atrophy in 
the Lindberg and Hedenstierna study is consistent with previous reports that exposure to 
chromium acid mists is associated with ulceration of the mucous membranes and perforation of 
the cartilaginous portions of the nasal septum (Hamilton and Hardy, 1974). 

Several uncertainties result from the exposure characterization in the Lindberg and 
Hedenstierna (1983) study. While nasal mucosal atrophy has been consistently reported 
following occupational exposure to chromic acid mists, it is uncertain whether these exposures 
are relevant to exposures to hexavalent chromium particulates in the environment. The LOAEL 
for this study is based on an 8-hour TWA concentration. However, it is possible that the 
exposure response may be better explained by the peak exposure rather than the TWA dose. The 
authors acknowledge that nasal septum ulcerations and perforations did not correlate with mean 
exposure concentrations in the 2-20 llg/m3 group and observed that damage to the nasal septum 
correlated better with short-term peak exposure than with 8-hour mean exposures. The report 
does not provide sufficient detail on peak exposures to resolve this issue unequivocally, and in 
the absence of additional data, the RfC was generated based on the TWA exposure. The RfC 
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based on Lindberg and Hedenstiema (1983) is applicable only to chromic acid mists and 
dissolved hexavalent chromium aerosols. 

Confidence in the RfC for chromic acid mists and dissolved hexavalent chromium 
aerosols is low. Confidence in the chosen study is low because uncertainties regarding the 
exposure characterization and the role of direct contact for the critical effect. Confidence in the 
database is low because the supporting studies are equally uncertain with regard to the exposure 
characterization. Low confidence in the RfC follows. 

The RfC for hexavalent chromium particulates was developed based on Glaser et al. 
(1985, 1990). Several uncertainties are associated with the use of these studies for development 
of the RfC. Glaser et al. (1985, 1990) did not provide details of upper respiratory, reproductive, 
or renal effects resulting from the exposures, and did not include chromic acid mists or dissolved 
hexavalent chromium aerosols in their study. This uncertainty has been addressed by limiting the 
RfC developed on the basis of Glaser et al. (1985, 1990) to lower respiratory effects from 
inhalation of hexavalent chromium dusts. Uncertainty results from the use of a sub chronic study 
for development of the chronic RfC. This uncertainty was addressed by the use of a 10-fold 
uncertainty factor to account for potential chronic effects. It is uncertain which of the endpoints 
reported in Glaser et al. (1985, 1990) is most appropriate for development of the BMC. LDH in 
BALF was used for development of the RfC, as this endpoint is considered to be a sensitive 
indicator of toxicity and provides the most conservative estimate of the BMC based on the Glaser 
et al. (1985, 1990) data. Uncertainty in the dose-response curve for LDH in BALF was 
addressed through the use of a conservative model fit of the data. 

Confidence in the RfC for hexavalent chromium particulates is medium. Confidence in 
the chosen study is medium because of uncertainties regarding upper respiratory, reproductive, 
and renal effects resulting from the exposures. Medium confidence in the RfC follows. 
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APPENDIX A. EXTERNAL PEER REVIEW
SUMMARY OF COMMENTS AND DISPOSITION 

The support document and IRIS summary for hexavalent chromium have undergone both 
internal peer review performed by scientists within EPA and a more formal external peer review 
performed by scientists performed accordance with EPA guidance on peer review (U.S. EPA, 
1992). Comments made by the internal reviewers were addressed prior to submitting the 
documents for external peer review and are not part of this appendix. The external peer 
reviewers were tasked with providing written answers to general questions on the overall 
assessment and on chemical-specific questions in areas of scientific controversy or uncertainty. 
A summary of significant comments made by the external reviewers and EPA's response to these 
comments follows. 

Comments on General Questions for IRIS Peer Reviewers 

1. Are you aware of any other data/studies that are relevant (i.e., usefulfor the hazard 
identification or dose-response assessment) for the assessment of the adverse health effects, 
both cancer and noncancer, of this chemical? 

A. Comment: Since Mancuso has recently updated his cohort and since the information is 
already referenced in the IRIS and the Toxicological Review document, I believe the cancer slope 
factors should be recalculated from the total chromium data and the Cr(VI) data. 

Response to Comment: The Agency agrees that the cancer slope factor should be 
recalculated from the updated cohort. The Agency is unable to do so in a time frame consistent 
with the IRIS Pilot process, and will take up revision of the slope factor when possible. 

B. Comment: In calculating the oral reference dose the authors used data from a rodent study 
by MacKenzie et al. (1958) and discounted data from a human study by Zhang et al. I am 
concerned that the NOAEL in the animal study exceeded the level reported in the Chinese study 
(20 ppm) that caused serious illness in humans. 

Response to Comment: The study of Zhang and Li (1987) raises concerns for human 
gastrointestinal effects at high dose levels in drinking water; however, the exposure data in this 
study are limited, the duration of exposure is unknown, the presence of confounding factors is 
not addressed, and a NOAEL could not be identified from the study. While these uncertainties 
preclude the use of this study for risk assessment, a threefold modifying factor has been applied 
to the NOAEL derived from the study of MacKenzie et al. (1958) to address the concerns raised 
by the study of Zhang and Li (1987). 

C. Comment: Several new reports have been found showing significant embryotoxic and 
fetotoxic damage due to exposure of rats and mice to high doses of Cr(VI) or Cr(IlI) in drinking 
water. I don't feel confident rederiving an RID based on this data, and the doses are clearly very 
high. However, derivation of an RID based on an observed toxicological effect appears to be 
preferable to an RID based on a NOAEL. 
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Response to Comment: The reports have been added to the reproductive/developmental 
studies section of the toxicological review document and have been considered in the 
development of the RID for Cr(VI). The new reports do not provide a clear NOAEL for the 
fetotoxic and embryotoxic effects. Extrapolated LOAELs derived from the studies of Junaid et 
al. (1996) and Kanojia et al. (1996) are similar to and support the use of the NOAEL identified in 
the study of MacKenzie et al. (1958) for development of the RID. 

D. Comment: The documents correctly state that Cr(VI) gets transformed to Cr(IlI) in vivo, but 
they skirt the issue of whether or not a Cr(VI) study is really a study of in vivo exposure to 
Cr(III). 

Response to Comment: Given the rapid reduction of Cr(VI) to Cr(lIl) in vivo, it is 
relevant to consider whether environmental exposures to Cr(VI) or administration of Cr(VI) in 
controlled animal experiments is essentially identical to environmental exposures to Cr(IlI) or 
administration of Cr(IlI) in controlled experiments. While considerably more data are available 
for Cr(VI) than for Cr(III), it appears at present that exposures to Cr(VI) have considerably 
different outcomes than exposures to Cr(III). The Agency has prepared the toxicological 
summaries and IRIS files for Cr(VI) and Cr(lIl) from this perspective. 

2. For the RjD and RfC, has the most appropriate critical effect been chosen (i.e., that adverse 
effect appearingjirst in a dose-response continuum)? For the cancer assessment, are the 
tumors observed biologically significant? Relevant to human health? Points relevant to this 
determination include whether or not the choicefollowsfrom the dose-response assessment, 
whether the effect is considered adverse, and if the effect (including tumors observed in the 
cancer assessment) and the species in which it is observed is a valid model for humans. 

A. Comment: The descriptions of the study used to develop the RfC for chromic acid mist were 
confusing. While I agree that the LOAEL is 0.002 mg/m3

, I question the uncertainty factor of3 
to extrapolate from sub chronic to chronic exposure. Virtually all the workers in the high dose 
level in the Lindberg cohort had significant effects even though the duration of exposure for 
workers with nasal ulcerations ranged from 5 mo to more than 10 years. 

Response to Comment: The descriptions of the study of Lindberg and Hedenstierna 
(1983) have been improved. The experience of workers at the high dose level with significant 
effects over a subchronic exposure period does not eliminate the possibility that similar effects 
could occur at considerably lower doses over a chronic exposure period. In order to account for 
this uncertainty, the Agency favors use of a threefold factor to extrapolate from the subchronic to 
chronic exposures. 

B. Comment: The authors argue that the threefold uncertainty factor used by MaIsch et al. is 
insufficient. I disagree. In the Glasser paper the concentration in the lung appears to be 
approaching a maximum at 90 days. The authors also suggest that inflammatory effects from 
lower long-term exposures may occur. In my experience inflammation is an early symptom and 
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in some cases even regresses in the presence of continuing exposure. Thus, I would use MaIsch's 
calculations as published yielding a RfC of 0.34 mg/m3

. 

Response to Comment: Information from Glaser (1985) shows that chromium is still 
accumulating in the lung and kidney at the end of the 90-day exposure period and there is 
insufficient information to determine how well subchronic studies predict chronic inflammation. 
The Agency supports the use of a 1 O-fold uncertainty factor to extrapolate from a subchronic to a 
chronic study. 

C. Comment: The additional uncertainty factor of 3 (for the RiD) to compensate for less than 
lifetime exposure duration in the MacKenzie et al. study can be questioned. Why not apply a 10-
fold uncertainty factor for this purpose, based also on the relatively low number of animals used 
in the study? 

Response to Comment: The use of the MacKenzie et al. study for development of the 
RID is considered to be conservative, given the lack of an observed effect in the animals. Even 
in light of the relatively low number of animals in the study, the threefold uncertainty factor is 
considered by the Agency to be sufficient for development of the RID. 

3. Have the noncancer and cancer assessments been based on the most appropriate studies? 
These studies should present the critical effectlcancer (tumors or appropriate precursor) in 
the clearest dose-response relationship. Ifnot, what other study (or studies) should be 
chosen and why? 

A. Comment: A level of 0.002 mg/m3 in the Lindberg and Hedenstiema study was chosen as 
the LOAEL for the RfC. This level caused significant symptoms, including atrophied nasal 
mucosa, in workers exposed, whereas no symptoms were seen at a level of 0.001 mg/m3

. 

Therefore, why not use this lower level as a NOAEL? 

Response to Comment: Although no subjective irritation occurred in the subgroup 
exposed at 0.001 mg/m3

, the distribution of the four cases of atrophy in this group was not 
provided, which precluded designation of a NOAEL at 0.001 mg/m3

. 

B. Comment: The RDDR is based on aerodynamic diameters of particles used in the animal 
studies; however, it would be helpful to also know something about ambient particle sizes 
containing chromium such that a more appropriate dosimetric adjustment across species using 
differences in particle deposition between rodents and humans can be applied. 

Response to Comment: Data on ambient particle sizes containing chromium are 
necessarily site specific, and will vary depending on the nature of the contaminated media and 
exposure setting. While it might be of interest to determine the ambient particle size distribution 
in order to develop a site-specific RDDR, these data cannot be practically incorporated into the 
RDDR in order to account for all of the possible ambient exposures. The assessment has utilized 
the data in the Agency's guidance for development ofRfCs for this purpose. 
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C. Comment: It appears that the endpoint albumin in bronchoalveolar lavage fluid showed 
even greater effects than LDH, and I wonder why this endpoint was not selected for the 
benchmark approach. 

Response to Comment: LDH in BALF provided a BMD approximately one-half that of 
albumin in BALF (MaIsch et aI., 1994). In order to be conservative and focus on the critical 
effect, LDH in BALF was chosen as the endpoint for development of the Rfe. 

D. Comment: The fact that chromium was still accumulating in lung tissue at the end of a 90-
day exposure does not suggest that lower long-term exposures will lead to accumulation of a 
critical concentration in the lung. This depends very much on the clearance kinetics, and at low 
concentrations lung levels will reach an equilibrium that is lower than that achieved at higher 
concentrations. 

Response to Comment: The Agency acknowledges the possibility that at low 
concentrations lung levels will reach an equilibrium which is lower than that achieved at higher 
concentrations. However, in the absence of data, it cannot be demonstrated that chronic 
exposures will not lead to accumulation of a critical concentration in the lung. In order to 
conservatively reflect the uncertainty on this issue, the Agency has utilized a 10-fold uncertainty 
factor to account for less-than lifetime exposure. 

4. Studies included in the RjD and RfC under the heading "Supporting/Additional studies" are 
meant to lend scientific justification for the designation of critical effect by including any 
relevant pathogenesis in humans, any applicable mechanistic information, any evidence 
corroborative of the critical effect, or to establish the comprehensiveness of the database 
with respect to various endpoints (such as reproductive/developmental toxicity studies). 
Should other studies be included under the "Supporting/Additional" category? Should some 
studies be removed? 

A. Comment: The new data on reproductive toxicity of chromium in the drinking water needs 
to be carefully compared to the NTP study in which rats and mice were fed potassium chromate 
in the diet. The form of chromium and route of exposure are clearly of paramount importance. 

Response to Comment: A discussion comparing and contrasting the results of the NTP 
studies and the new reports has been added to the reproductive/developmental studies section of 
the toxicological review document. 

B. Comment: Some of the statements related to the genotoxic effects of hexavalent chromium 
are either inaccurate or misleading. 

Response to Comment: The recommended modifications to this section have been made. 
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5. For the noncancer assessments, are there other data that should be considered in developing 
the uncertainty factors of the modifYingfactor? Do you consider that the data support the 
use of different (default) values than those proposed? 

A. Comment: No comment received. 

6. Do the confidence statements andweight-of-evidence statements present a clear rationale 
and accurately reflect the utility of the studies chosen, the relevancy of the effects (cancer 
and non-cancer) to humans, and the comprehensiveness of the database? Do these 
statements make sufficiently apparent all the underlying assumptions and limitations of these 
assessments? Ifnot, what needs to be added? 

A. Comment: Yes. 

Comments on Chemical-Specific Questions 

1. Are the conclusions of Zahid et al. regarding potential reproductive toxicity of Cr(III) in any 
way countered by the results of the NTP study? 

A. Comment: The Cr(VI) document does a superficial job of communicating the deficiencies 
of the Zahid study. 

Response to Comment: Additional information has been provided in the 
reproductive/developmental effects section to address this concern. 

2. Should separate RfCs be generated for chromic acid mists and particulates of hexavalent 
chromium? 

A. Comment: Yes. 

B. Comment: Yes, the bioavailability and physiological effects of these two forms of 
chromium appear to differ substantially. 

Response to Comments: Separate RfCs have been generated for chromic acid mists and 
particulates of hexavalent chromium. 

3. Should the RfCs apply to both Cr(VI) and Cr(III) or only to Cr(VI)? 

A. Comment: The RfCs based on data from Lindberg and Hedenstierna and Glaser are 
appropriate only for Cr(VI). 

69 

NWMAR 117704 



4. Are there any studies available that could be used to develop an RfC for trivalent chromium? 

A. Comment: The Agency has determined that an RfC for Cr(IlI) cannot be developed and I 
agree. 

5. The principal study (Mancuso, 1975) and the follow-up study (Mancuso, 1997) show the best 
dose-response relationship for total chromium, but animal data support a conclusion of 
carcinogenicity only for hexavalent chromium. Should the potency estimate address total 
chromium or hexavalent chromium? 

A. Comment: The potency estimate should be based on total chromium, but should note that 
the exposure is mixed. 

Response to Comments: EPA will reevaluate the potency estimate for chromium based 
on the recent Mancuso update in the future. 

B. Comment: The potency estimates should be based on hexavalent chromium. 

Response to Comment: EPA will re-evaluate the potency estimate for chromium based 
on the recent Mancuso update in the future. 

6. There is a Canadian study that relates stomach cancer to gold mining follow ing exposures 
to chromium. Does this study justifY/support determination of an oral factor for chromium? 

A. Comment: I believe the Canadian study should not be used to determine an oral slope factor. 

Response to Comment: The Canadian study has not been used to determine an oral slope 
factor. 
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INTRODUCTION 

PURPOSE AND SCOPE OF THIS MANUAL 

At the of the EPA Office of Enforcement and Compliance 

the National Enforcement Investigations Center (NEIC) has 

compiled a multimedia compliance monitoring investigation protocol for the ship 

scrapping protocol is intended as a guide for investigators who 

conduct multimedia environmental compliance investigations of ship scrapping 

facilities that prepare, manage, store, or dispose of pollutants 

"'",","U""'''''''''''' by federal, state, or local environmental and requirements. 

nu.::,,~""""'+""'''' methods are presented that integrate enforcement program 

requirements for air, water, solid and substances. This 

manual describes activities and functions of multimedia investigations, 

nY','\u~,MQQ intiorDlation on Sne!ClI:lC media 

statutes, an of the ship manual 

intended to supplement the various investigation guides listed 

in the regional, state, or local not ret:erEmced. 

Multimedia compliance investigations are intended to determine a 

with applicable and permits. 

Appendix A contains a source list of summaries applicable environmental 

laws which EPA administers and Inspection should be 

violations of permits, approvals, orders, and consent 

the underlying causes of such violations. Investigators should 

thoroughly and document and problems that have existing 

or potential effect on human health and/or the environment as well as others. 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 
FOR THE SHIP SCRAPPING INDUSTRY 

Multimedia 

which usually include: 

are conducted as a of tasks or 

• Determination of target facility/project request 

• Identification of specific Oblec1:.lVf~S 

• Project team formation 

• Background information review 

• Project plan preparation 

• field inspection 

• Report TI .... :.nc.Y'Qfl 

• Enforcement case support U,,"">"'IO" and will not addressed in this 
manual) 

are detail the March 1992 "NEIC 

[Appendix A]. protocol advocates a 

multimedia approach, but individual media inspections can always be conducted 

at different times. l 

All should result generation of a report that 

documents noncompliance or other areas of concern identified during the 

investigation. Areas of concern are inspection observations of potential 

problems could result rorI.IDEmt<a1 harm, noncompliance with permit 

or ......... "' .... ,,"'. or are areas associated pollution prevention 

issues. This manual identifies multimedia objectives and focuses on specific 

aevewlOec1 from f,fCJ:IJUOe'CI,W 

of Brownsville, Texas. 
that cOlJer geographic areas where shipbreaking 
COn11l'T;(!he,l'lsilJe DE!rIJDE1CnU€ on the 
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environmental laws and associated statutes applicable to the ship scrapping 

industry. 

Ship scrapping operations are of environmental concern because they are 

regulated by a number of statutes, and of ur", ..... 

including asbestos and PCBs. Investigations of scrapping facilities are 

similar to other comprehensive multimedia compliance monitoring 

and typical objectives would be to determine compliance with the 

• pollution ,..nT'\f·".,i"\1 regulations including National .i.:iLLl ... DD,&V .... 

Standards for (NESHAP) 

• pollution control regulations, including Pollution 
Elimination System (NPDES) permit requirements, 

pretreatment requirements, storm water requirements, and Spill 
Prevention Control ) regulations 

• Drinking Water Act, including Underground Injection Control 

• Solid and hazardous "'""' ....... " regulations, including 
Land Restrictions (LDR) 

• Underground Tank (UST) regulations 

• Substances Control Act (TSCA) regulations 

• Emergency Planning and Community Right-to-Know Act (EPCRA) 
and Response, Compensation, and 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 
FOR THE SHlP SCRAPPING INDUSTRY 

Ship scrapping the process of dismantling ships for recovery of scrap 

steel, copper, other metals. The standard industrial code (SIC) for 

scrapping 4499 (ship dismantling or shipbreaking), Although Stll'DDll"ec.uLU"'D 

can done at a shipyard, it more often conducted developed facilities. 

example, the shipbreaking process on the Gulf Coast at Brownsville, Texas 

perfonned with investment in infrastructure. All the have 

where most of the shipbreaking performed. The slips are excavated inward 

from the ship channel. The slips are generally 400 to 700 feet long, and 100 to 

120 feet wide at the slip entrance from the ship channel, and are of soil 

construction. The are dredged openings in the bank of the ship channel 

np/"'p,~~p in depth away from ship channel. A large winch at the 

of the slip to the and drag the hull farther and 

into slip as work nr()frr,esses. 

The ship scrappers have minimal on-shore support 

a few buildings, trailers, and tanks. Shipyards, ship building 

'are much different from ship operations. For 

Portsmouth Naval Shipyard, Kittery, Maine; Philadelphia Naval 

Shipyard, Philadelphia, Pennsylvania; Norfolk Naval Shipyard, Norfolk, 

Virginia all extensive facilities to support ship building and repair 

There are numerous shops for the trades and many highly 

"' ........ , .. "' ..... workers. In contrast, hire mostly unskilled or semi-

u.n'rlTo1"C! with some ship scrapping facilities, the 

are likely to be non-English speaking with bilingual supervisors . 
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a,n::;\.,II,lVU teams should be aware of potential language barriers in questioning 

workers. 

Ship scrapping can be conducted by different method,s, but the Gulf Coast 

ship scrapping operations observed in Brownsville initiated with the 

must ship moored, not beached. After mooring the the 

locate or prepare a ship's diagram of all rooms, compartments, tanks, and 

areas. Although the Navy should provide diagrams for ships, 

some of the older "mothballed" are received for scrapping without 

which may hazardous such as fuels, oils, 

hazardous waste are reportedly identified, and oils 

are pumped out of the onboard and transported to Then, a 

marine (the marine of an industrial hygienist) contracted 

to that the ship fuel-free, permitting issuance of hot permits. 

Hot permits allow cutting torches and saws to be used dismantle the 

ship, 

cutting 

work permits do not with environmental concerns such as 

or 

floating booms placed around the rnn,n?'~ ... 1 

spills, 

and ballast may removed the 

The Coast Guard 

CO:>i;3IC.IlO:> to contain any 

water and control water also « ..... ', •. L ... , ........ O' 

when fuels are 

during the 

for treatment ship ., ...... "'..,. .... , These waste u,,;n'., ... ., 

U.L':'iiJVO:>(;U. or treated on-site, 

be 

The Brownsville that NEIC inspected had large liquid oxygen 

tanks with vaporization radiators connected to underground piping to provide 
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n'V"l,NTO,n for the cutting torches. The fuel, either natural or propane, was also 

supplied by underground piping extending to the edge of the slip. Material 

removed from vessels by either collecting segregated smaIleritems in containers 

placed on the deck, or by room-sized pieces from the and removing 

them mobile, track-mounted cranes. The large pieces are placed on the shore 

to cut into smaller appropriate for shipment as scrap metal (smaller 

than 2 or 3 feet by 5 feet steel plate). The area parallel to the slip on each 

kept are from the 

at the bow and the top, resulting in a diagonal plane of progression 

toward the stem of the 

detect the presence ofpolych1onnated biphenyls (PCBs) and 

"" .... '" "" is usually performed one deck a On each deck, work proceeds 

to removals are performed before the actual 

cutting of the ship occurs. First, attached non-metal wall coverings, dividers, 

and other items to be landfilled would collected into containers on open 

deck. Remaining PCB-containing electrical cables would be 

this and placed into a container on some cable 

the room-sized to be removed after the large piece 

to are also often done just ahead of the 

operation, but before removals. After accessible asbestos and PCB 

are removed, smaller items are removed such as and other salable 

rOOlm-,SIZEm pieces are cut and lowered to shore by crane. As. they 

DeC:OlIle a''''~,;::)'''UJ''C. remaining PCB-containing electrical cables are removed from 

the room-sized the yard. 
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Asbestos remediation is conducted to allow asbestos-free sections of the 

be cut ground by crane. 

rooms usually contain more asbestos containing material than other areas of the 

ship, and take the longest to remediate. As asbestos-free sections the 

are the rooms are left until remediation 

IS 

After the ship has been cut down to the lowest deck, winched to 

of the slip and portions of the bow are cut off. The ship winched 

farther until completed. 

Further dismantling/cutting done on the by cutting the steel into 

about 2- sections which can loaded onto trucks or railcars. The 

workers each facility primarily hand held 6-foot long torches for cutting, 

although small cutting torches are onn'",.", used in tight spaces. large 

help worker from I'Wlles. sparks, of falling 

One compared to a operation with 8 to 

of the total not recyclable PCBs, hazardous 

etc.). Thus, a 10,000-ton ship would have about 800 to 1,000 tons 

of asbestos, hazardous waste, trash, The main "extractable" or 

about by O-I![)ot plates for 

shipment to framall the 

communications, electrical, demagnetizing, and miscellaneous cables. Other 

non-ferrous as brass and aluminum, are also extracted. Gauges, 

motors, and anything usable for re-use. According to 

1999 
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FOR mE SHIP SCRAPPING INDUSTRY 

shipbreaking industry representatives, although look 

disorganized, segregation of extractableslrecoverableCmaterials copper, 

aluminum, usable is conducted in a systematic fashion. 

Solid wastes, air emissions, and wastewater streams are generated 

Major waste streams typical for selected 

GU./I"'UJ~:::' operations are identified in Table 1 and are discussed in more detail 

the appropriate media L><O .. ,ldV .... "'. 

Table 1 

MAJOR WASTE STREAMS/SOURCES 

Hydiro~lIbons from 
transfer oDeI~atio:ng 

red lead, Water used to coo) bot surfaces 
dibenzo furans. small to lower decks 
f1reS from oil Oil 

bulkheads or dew 

cables 

Fire control Water mi"I"ate.~ to lower decks 

Maintenance UsedoU 

Inspection team considerations are very important when conducting an 

"'V",v"',,,, at any ship scrapping operation. By adequate protective clothing! 

mspe(:tQl:S can ensure not personal safety. but access to areas where Ul::l'UI"IOl 
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are 

surfaces are 

at 

and/or being rt.,.n,"r~1","n lnS)JeC1lng a scralJ)J)Ulg facility 

to DOtl~ntlaJ. h:azwras. of 

not smooth, but littered with 

type lamp for hard hats is a IU;;;",'IV;).,lLJ Ahalf~face 

team 

area 

may 

coa,reG with lead paint, 

a wide berth. In to more fully evaluate regulatory compliance. 

..... 'd".. would reCllure 

DDellOlX B]. mSjJccl,urs aware of 
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INSPECTION CONSIDERATIONS 

The time .... n·n ... '~tl to a mOlltns or An 

ships would 3 to 9 .u."./UUlO. and ..,u ........... 

vessels be scrapped a monm 

multimedia msl)eC1t10n team would not be appropriate for small facilities with 

limited eml1ronm.ental staff; a two- or team be more effective. (There was 

emrironment,al pc~rsclD at Brownsville .. ) If additional 

IDSIDectors are neeoea to cover all the JL1-,,"""' .... a four- to Slx:·me:moer team could inspect two 

A 

naz:aroous waste at 

for 

Typical for multillle 

applicable at 

tnSI)eCI10n team II'V,lllU''''' 

at 

the first half of the 

media 

team B would spend 

compliance monltCln 

and 

at facility 

of ship 

.. I-'I-"II ..... "'U.'" "'l'" ... n.lVlll3. All 

oacKgrouIlo infonnation. addition, 

""v .. ,u ..... vu ... that have an impact on, or could 

potentially lIDnal;l. emrlfonm.ent whether or are spe:cifllc 

or 

Februarv 1999 
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INVESTIGATION METIiODS 

• 
• 

• 

, . 
• 

typical invc~ti1~ati<)n a ship scrapping would 

A em:spe,ctlCID rp"",,"'Ul of EPA and state regulatory ..... " .. u""" ... " 

An OD-:sne mSloeCllon that 

pen.onElelm,Clmlln2 a description 

Facility records/document ""'11'''''1 

Collection of 

nro,rceme!nt case 

and paint 
samples 

PCB analysis, 
opportunity 

PREINSPECTION REVIEW 

a 

EPA, and 

include the Occupational Health and 

a team available 

sources information are 

Additional sources of 

Administration (OSHA) and the Department of 

t'l!brllllf'V 1999 
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... " .. Il' ....... ' ... Reutilization and Marketing Service (DRMS). In order to successfully 

bid or Maritime Administration (MARAD) vessels. facility must submit to 

DRMS a technical proposal addressing how they will operate and comply with applicable 

ronmelllW requirements. DRMS conducts periodic msl0eCtlOtlS of suc:ceS;SI 

If the mSIi>eClrlOn is to be unannCIUD(;ea. of 

""' .. , ....... .,' .. of 

NEIC 

inspections is 

mspe(:oon, whether or not. 

multimedia to most 

the ,.. ....... ,.. ...... of any facility. A further aeSI;nplt10n 

!Ji')!JIULU in the March 1997 "PI"occ~ss .... Ba.sea ..... ,..,.£w.\.J'££ Guide," 

operations which produce salvageable material or wastes 

hydraulic fluid, and lubricant oily and 

·"rn,"",.pn water treatment waste and 

and countermeasures .. detailed operation 

is to ensure a comprehensive multimedia 

visual observations, inspector 

should understand waste. The detailed description of 

waste streams 

disposition. 

During. v ...... '-I ... ~.u to the inspection, pollution can be 

The should be opportunity to ".0.""'0££'" it done to 

no process prrJ'ltUCir", but nl"nffuPl> 

or wastes which will be tu.:S'cussea 
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environmental Pollution 

accomplishments each potential pollution prevention OPJ)QrtuDltleS can 

discussed in a P .... 't1 .. nNn.' .. section the inSlJection 

R .. tnrp, or after the DrClce~.s discussion, a walk-through of the should 

onCluct(:a at the time to the team. If available, a facility plot plan 

may be areas 

Onboard 

main 

etc.). ...-"lImp\:! 

"'..,.~,. ............... '" are helpful for the wallc·t1ilmll1gh 

\,.;UQ.U\.I;; to become familiar with what is described process 

mSlpeCUOIlS or 

""1'lt"'.-" usually 

asbestos renleOlatllOn 

should be noted 

equi pment is worn. 

and 

are not during the 

inspected later, required 

to uu.,. .. .1,~ .. u.;'''''' system to """"'''''''E;j.j,,,"",, 

frames (bulkheads). 

01,02,03, 

numbered to ,,"" ...... T .. how aft or astern cornp(Jtrtnlents 

are IUCatelU. Jrlspe:ctors .,L,V""'''' Dc~ome ....... "u ....... ,,,,,,It .. ,,, during 

walk through to ... ,,"u ..... """' locations with drawings. Inspectors can identify 

more detailed .. b'IJ .......... ''"'vu.:J. able to 

Clean Air Act 

Sources of .......... "".v .. " for the scrapping industry are asbestos, minor 

VOC eml,SSlOlDS waste petroleum and from cutltm2 torches. 

Februarv 1999 

NWMAR 117722 



MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

~ .. t"~"nn1n(J onE~ra~jolllS. small are a common occ:urrence, oil or "A_'~O~ is 

are usually short-lived. but may /F,,-,J,J,,,,,,"",,,,, some black 

sm()lc:e. Open burning normally regulated a local ordinance or regulation. 

Be aware that cables may be UUlJUI-U to remove in order to recover copper 

,",VULC;UU PCBs During the 

should open burning and document any such occurrence. .....a.llJ.o..A) 

can by cutting with shears, power saws, Of cutting Cut cables with 

at cut end may be cables C"\lt with a 

Burning be regulated by state Of open burning regulations. In event 

that are covered the asbestos NESHAP 

PCBs also 

of VOCs 

from natural 

not 

to meet 

waters and petroleum 

\.<lUh3,;)J'UU.:I sources. If EPA or the state or 

,",V,.,,,,,,,,,,,,,,,",,,"', If there is a of 

equipment or truck traffic on unpaved areas, fugitive dust emissions may be by a 

lmlJleli11elinaltion Plan (SIP). SIP may different and compliance with specific 

should be evaluated . 

• "' ••• """", ...... ,,, .. is a primary concern 

at 40 

to inspect demolition operations and 

retE~rerlce. l""1,;)L,,,,,,,11Ji3 "'i! ............ v.A" are important to 

have 

federal NESHAP 

scrapping industry 

example, one was 

l'ebt'tI!l.nr 1999 
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100 tons month of asbestclS-c:onltammg NEIC mS[leClJtons 

small 

Two 

suspected asbestos-containing 

shipbreakers, a probable i.UUJ,..,.uJt of noncompliance with NESHAP 

ms,~cb~hadhlredp~~prnr~rorrmnSpa~Jn-S[)e~~2 

to remove !ulhpCltl .... 1: 

The on the '-' .. I.".,;,,,,U sources: open 

projects. ...,A'i.UJt.' ...... "" 

mS1peCtlOllS are pre.senteQ Appendix 

and state checklists 

'"u' ......... '6 corppliance should 

• Daily work logs should checked Current 
llVI.un,au.'uu., are required any project feet of 
regulated (RACM) on pipes, or 160 square feet 

RACM on other facility Although scrappers usually 
not sample and for records should 

During inspections in Texas, it that any covering 
not clearly was treated as RACM. Most facilities 

n"~""'n their own asbestos workers, who remove amounts RACM 

• listed on 

• Co'otai,nment areas should SD'lICnon. operation, and 

• 

• Disposal bags should be to determine waste material been kept 
wet Dry is Wet asbestos is and more dense. 

1999 
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• 

• 

• 
• 

• 

• 

"'U"""'Jilo.~''''' to determine waste 
to check randomly picked 

can readily access. 

asbestos should be if UV.;J''''U,,l,,, bags 
bursting or dispersing asbestos to the ... >.U.v"'u .... ,."'. 

disposal records versus dumpster 

on the training contractor and the landfill. Do 
contractor records match? Does training contractor have proper 

the landfill cover the asbestos waste daily? 
the without dispersing asbestos to the 

Sample photograph SUs[)ectl~a (i£iDefnOS-CODtallmDlgmaterial found on the 
ground and such as pieces of cable, that it have come 

to on ground. 

is commonly gaskets. insulation, and transite pipe. 

bid on 

LJetl~nse (DOD) AanllDls:tranon (MARAD) companies 

must submit a technical proposal to DOD's }"''!'''''nC''' Reutilization and Marketing Service 

(DRMS) lJeltem,e equivalent Surplus Sales], In Request for 

DRMS lists asllest()S waste. 

• Bulkhead and or thermal 

• 
• 

• 
• vent 

EPA·33 119·99/001 1999 
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An an RFI'P is presented Appendix D, company should provide handling 

and the listed above. 

Clean Water Act 

applicable to the scrapping ind'I.lSDV may include: 

• 
• 
• 

Many generate wastewater as a or waste product 

Droces:ses. While this is not case the ship scrapping industry. 

are wastewaters sources that must be Wastewater sources include: 

• water (stagnant, dirty water that in parts of a ship) 

• Ballast water (water intentionally in tanks or of a ship 
to provide stability) 

• Oily water 
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• control water 

water may be COIlltaIIlin~lted with fuels or Ballast water have been 

cbrlomilteCl to nr .. " .. " ,",U""'''' ... A.U'LL&"' ....... """b. water used asbestos remediation 

CODltan:llnaltea with oil. Water to ~AIJLUE."U,';)U 

may drain to and be 

v "'""''''U''''"'U. more and more water 

COIlLSl(lI:r collecting 

water 

\<>v" .... "',"",u .. .,,, previously unknown <> ... t'lIIt .... ..,~AJI~UJ be found during C!l"rlnn'''' 

Depending on how wastewater managed 

water is 

issued, 

.. "'t"1n ..... t'I to obtain an permit. 

separaltors to treat 

directly to a ...,. ... ,"' .. ",<'1 

to 

Texas. ballast water 

ship 

_~ __ ~, have been 

water. If the water 

the 

If permits are 

At the Port of 

by the port 

The local wastewater treatment facility should be rnrlt~('·tpt1 

to if pretrealtmcm C()DU1IUOIIS or local 

pretreatment .... vu,u .... u. ..... ,.."_"" for 

Treatment 

to nl".'\.'I"II".n pl:em~atnle 

less 5MGD. 

Publicly Owned 

... ...... vu" per day (MGD) are 

even by POTWs 

1999 
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Industrial facilities including ShlDOJ1eal(,ers must apply for storm water permits. One 

a water permit is and a 

water "'''u, ..... ", .. DI'eve:nmJD plan (SWP'l). The facility has to sources pollution and 

""""P'"'''' reasonable 1-'J."" ..... ..,UV ... l;'), ..... ~I'\ .. tn as best management practices (BMPs), to prevent 

discharges of pollutants to storm water. If rainfall occurs 

palWfllS nI",><!pr'uPIl should be compared to included 

pollution 

events exceeamg 

nspeCblon, Companyoersonnel 

1 

required to an SPCC plan. 

to ""'1' .... ,,;;1\ 

tanks (or 42,000 "' .... .., ...... 

an drainage 

the SWpl. Specific permit 

evaluated for ,",V"'UI,U"..u,,, ... 

store over 

are 

cranes 

store 

and fuel to be reQum~a to SPCC plans, 

should mCluae the following: 

• 

• 

• checked to see it exists, is ..... ,,''''''' ... ,"''''. 
and is 

• inspect including containment and 
svstelTlS and procedures. 

rCDTU"'" 1999 
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Check the property shoreline and adjacent water for 
evidence of floating oil 

"""""''"'''''0' or other 

The SOW Aregulatary programs applicable to shipbreaking industry may include: 

• Injection Control 

• Public Water Supply 

of the three at the Port of Brownsville were injecting waste into 

A 

at 

or operating a water workers. Generally, 

volumes of wastewater on a continuous that would 

an 1OIe:ChC)fl well 

permits, that should 

water 

nnl"'", .. r if an lO]e:Ch()D were used, it 

evaluated 

oenneoas 

compliance 

at 15 

a 

specific 

COllOe,cm)nS or 

water supply 

141. 

municipal public water supply 

system. they are not regulated by the SDW A. i)ll\.l'UIU include evaluation 

water supply only 

but "''''',",'U"" be evaluated for compliance specific conditions, 

"1-'1-"11\,..<I,U .. ,:;;, Maximum "V~"<LL"U'u.L" water at 

.~.~,,..,.v_ CClnuuniluants including ,",V.LUVI When the tap 

it is not to establish 1",,\.. • .....,. treatment tecllOlCllues can be established. Examples 

surface water an MCL for Giardia and 

control exceeo lead copper 

1999 
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Hazardous Waste (R,CRA) 

Ships the mCluC1u12 MARAD vessels, are Fleet military 

usually radar and weapon .",,, ...... ,'" removed) and 

cleaned records, documents, clelwlIlg supplies. unused paint example, 

inspections in Texas, the only hazardous waste at a was 

"1.11-"0".0:. two MARAD was IlUClreS(;ent bulbs. 

can contam 

a " .. 0"" .... '."' .......... 

source states which regulate PCBs as hazardous waste. 

Chromated (to algal growth) water from ballast tanks and may contain 

metals concentrations it a hazardous waste. The filters from the drains 

....... 'u:u ... and be a hazardous 

waste. on board may be a on hulls 

or other may contain scrapped could from 

RCRA cut up scrapped as 

excluded from 40 CPR. 261 would excluded from RCRA, if 

the or other metal is sent 

y"' .... ~"" ... may arrive at ship scrapping facilities still containing 

lJ<Uj"~. adhesives, "''"'''~'~I"o 

as 

yard 

as solvents, alkaline 

to handled 

wuu'.""o items from 

are more 

to bazardous waste " .... ,V ..... ' ... or purposely loaded with waste asa 

means disposal. 

1999 
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Depending on the 

certain RCRA reQlilJI'eJmelllts 

'"'u .. ' .......... '." are .... .6 ......... , .. 

Many shipbreakers are exempt from some RCRA 

requm~me:nts because they generate less than 1,000 kilograms of hazardous waste month. 

than 100 kilograms waste month and do not 

..... w ... _ more than 1,000 kilograms waste at anyone time. they are considered 

exempt small 

at 40 

gen.eralcors (CESQG) are subject to special 

Il'P1'l''''f'!lt", between 100 1.000 

hazardous waste per month, 

(SQG) to found at 40 CPR Part 262.44. If shipb~akers generate 

more 1,000 of waste month. then large 

generators (LQG) to all RCRA 

from an LQG one to an SQG the next month. the months they O'",.","'f'!l 

1 of hazardous waste, they must comply with 

over 

generator 

rebruarv 1999 
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Table 1 

RCRA GENERATOR. RE(~unu::;t.:rBNrs 

wutes, or 
·220 
·220 

Of leu ofhazard!lU.f Wutes, or 
or leu of spill cleanup debris 

COEotail:U1I1! bll2:ardous Wllste, or 
(At an)' yoo. .. ) 
• accwnulate up to 2,200 of 
ba:z:ardous wute all-site 

and Ius tIwi 2,200 
1I!12:araous wutes, or 

blll!llldious wastes. Of 

(At aA)' time you.,,) 

and leu tIwi 2,200 
debris COIllainilal 

- lIccwnUlllte more Iha II 2,200 polIlids of 
hlll!llldoos waste oil-site 

40 CPR 261,5 

40 CPR 262.11 

40 CPR 262.12 

The 
pIw;: 

40 CPR 262.34(d), (e), 
and (0 

lIS 

follows: 40 CFR 
262.40(_), (e), and (d) 

40 CPR 262.42(b) 

40 CPR 262.43 

- 2.200 pounds 01' more of bazml!lU.f Wll$tC, All of 40 CPR 2611111d 
or 262 

or lMI'e of spill 
COI:llailililll! hlll!llldQUf WlISI.e, Of 

- more tbllll 2,2 pouIIds or Iwtely lIlIardOWl 

wute, or 
(At ally time yoo. .. ) 
- accumulate IMI'C thaI! 2.2 of 

ute 

Octennilll[: how much 
hazardous wute is gellerated 
and accwnulated 

Conduct lIlIardons waste 
determioatiollS 

Ohtail! EPA ID lIumhea:, if 
wute shipped off-site 

Follow manifest lind pre. 
rCOll1iremefltll fer 

Off-site 

Meet accumulation time 
limits of 180 Of 

Rccadjg:,cpillg 
(manifeslJwaste 
determilllltioll.S) 

EJ.ioopuon reporting (signed 
manifcm not returlled witbil! 
4S dII~) 
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There are special requirements for ......... : ....... AAIi!> batteries. IJvi)U""~'U\';<". and mercury 

I.U""JlLU"".:I~A~ {universal 

hazardous waste ""''''<>1''!IItporl 

at 40 CPR Part 

regulations 

requirements. 

and should 

of amount 

be consulted for 

sometimes 

<UU,CLUli'li!> compliance 

• waste generation rate, ... ,", .... , waste determinations and any 
total volume waste at any time. 

• Vll-,""'" should inspected and type 
containers and whether containers are closed and 

• the words 
----r---.- UJ'~V'.""."'V,", measure 

compare to the total waste stored; 
excess the allowable 

• 

• All 
hazardous waste 

or state UlAUll\,,"~ and disposal 
restriction notices for the last 3 

vll>#',U:;U and that i>lJ::,Jl1vU manm~sts are Dreserlt. 

• Review any training plan and personnel records LUvU.UUlJ::, 

............. UVUd waste duties were ~~"b~'--

• Review plan, if applicable. InCIOentS requiring 
implementation of the plan. 
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yard equipment l"r!:lnPIl W1IJlCne~S, 

.e:eIllerate used oil. 

SDClwel£S and wastewater "'v ... "'" • ..., .. from 
are not handled as hazardous waste, should be collected 

for TCLP lead 

that shipments 
hazardous waste liquids. , 

The 'fiT\1" .. ", be 

covered with cable, pieces v ... "a.;>j'vu .... suspected asbestos-containing 

to 

chips, etc. One SDllpDfI~alGeI had done a.., .... " ..... '" assl~ssIneIllt. prior 

lead in 

......... ..-u' ....... 'u paint on scrapped 

or superfund cleanups. 

It is important to track I1l1Z,lII"UnUS cradle to 

to which 

mSlJeC110n of the 

treatment, waste 

shipbreakers is un ..... >_" provides information about dis [>osition of the if 

to V""'LA, .... '" 

underground slolage tat:lks. Most states delegated 

the underground ... r ... ,.,. .. ",",,, and .... n"" ..... that eXlsuIllg "'}:',l,"",l,YU. The 

state can provide a specific company has any 

It is to 
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... i5 ... iS .... U.V .. ~ are and depend on the material in tank, how old the tank is, 

the tank is made the types of for tank. 

December 22. 1998, all USTs not new tank or upgrade standards must be taken out 

of ""' .... "" .. 

PCBs at con.centratilons of SO or greener, 

current of PCBs at concentrations of or e:re:a.ter 

prohibited. Many of the uses PCBs on ships are not authorized 

uses unauthorized PCBs at 2 or greater are not permitted to be used 

or commerce and must be However, in 1994, EPA proposed to allow 

PCBs in a manner to the way export hazardous waste is controlled 

under RCRA. the export entered into 

Navy and MARAD to containing PCBs for 

to export. 

that are readily 

UJ~~u~~~uintwodo(;Unleni~ Agreements 

and PCBs - __ ~,,,,,,".rr\lllnf1 ....... ""u ..... JI. - Scrapping of 

Administration Ships Appendix 

EP AlMARAD agreement is presented Appendix Before conducting a PCB 

or ship the should DeC:OIIle .~ ....... _ 

document PCBs Regulated Disposal" [Enclosure 4 Appendix 

Although 

to 

per 

amounts of PCBs is not rrn' .... "." 

agreel1l1en.ts have been susoended 

if a exported. 

scrap with 

the agreements and cannot 

their current 

... "mUiHV 1999 
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MOL T1MEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

EPA published wn~~nUlllen 1998 Federal 

are and uJ..,llJvaw The 

new were effective August 28, 1998. delayed addressing exports the 

new rulemaking, so current Navy and MARAD agreements addressing export PCBs are 

still applicable and remain applicable even with the new amendments in 

are scc,ona to asa environmental concern 

In the waste. 

• 
• Capacitors 

• 
• 
• 
• insulation materials 

• 
• Various rubber and products 

Shipbreakers sample for PCBs DecliUse presumed certain 

PCBs at "'/l:.L.UU'"U clonc:entra of 50 ppm or 1!;re:ater sampling and testing results 

a new amenclmt::nts to 

... "' ......... J; with equipment, 

is CFR Part 761.2 do not The 

PCB COIllcecltraljon and use the proper disposal metnoC1. 

following are presumed to L.UULLUU PCBs. 

1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

• insulation 

• Rubber and felt gaskets 

• Thermal insulation LU .. ·..., ........ UJ'''' .. ,,',..''-'-''lO. fiberglass. felt. cork 

• equipment capacitors and 

• lCJ;;'Ul(UVli)., SWltCIles. recloSlers, bushings, 

• 
• motors, ancnor windlasses, hydraulic 

• solid sUlfaces (unknown 

• paint 

• 
• l':'VJ.au\.,u mounts 

• lU ...... V .. mounts 

• 
• ballasts 

• 

The presumptions the contain PCBs. plus information on sampling and 

are in a November 30, 1995 to MARAn F]. Additionally, 

the MARAD extension 

,6U1'''''''''',,'-' for PCBs [Appendix OJ, Note draft 

reviewed. 
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• 

• 

• 

• 

• 

• 

• 

At 

MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

IvVLUIJ11WJ'",v should include 

the materials listed above needs to be checked the 
swpbreakers NElC were not or handling 

....... ,..,.&., ..... >1, .u'"" ......... VLl as PCB or PCB-contaminate 

PCB waste sbould be tracked through to 
tra()kiltg RCRA waste, if necessary to rec:ooc;lJe 141"lLUI. v 

was ~1J.!;;''''U'J1l41''J\#. 
can conduct labt:>ratory 

audits]. 
mclude someone 

i')\;;\..II.lVll on conducting 14U\J14LUl 

in storage. 

checked for 

the inspection, a JJ.I..,liJw .... !I.lVll and a TSCA Inspection 

must to appropriate ~ __ ...... personnel. the 

I<";>JU1HU'" 1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 
FOR THE SHIP SCRAPPING INDUSTRY 

two a Receipt Samples Documents 

Confidential "''''u ...... ''' , .... " .......... , ... ' ... ..,11 (CBD. 

h,,,·,,tn ... evaluations and quality iUi:.iC:S:.i111C:l1l is to OetlermllDe 

a 

The purpose 

and satisfied. and to assess data usability. Two 

aPt)rQclcbles are used, pertormaJnce audits and systems A peIiormance audit assesses 

used to achieve results. A 

Oml)Om~nts comprising the total 

measurement """', ....... approach is paragraphs. For ship 

scr'ClDD'lD2 two possible v ........... " to a perrormance are: 

• The analysis a .... t'.""".,, ... '" materiallpertOimance sample) 

• one trusted 

for PCB for liquid or matrices. 

However. a ship ""u"uu.." might retain a portion which tested for PCBs, and 

use over a period time to monitor a laboratory or laboratories 

corlslstefliC} of 1,.,.,1UI4. may request a portion of independent 

guidance for sampling of ship scrapping non-liquid PCB presented 

in 4 Understanding strategy used at the 

when is necessary. 

should be an org;am~rea, understandable ,"v"" .. n. according to 

PCB u"""u,..,, or 

EPA-33 119-991001 1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

are treated. In other and lml~lic;atu:ms for further .. "'_,V~, 

of <If"t'11r.I11/'1H), results to on known. 

The laboratory will very likely not be a source of much sampling V ...... " .... "/,u but 

<Ihr'.-.:It,nru personnel may as If personnel from the lab are 

as the extent their activity apd did they and/or 

sample what they were 

is reasonable, since it is doubtful someone 

use an appropriate sampling 

plan. 

Appendix 1 4 Fj. 

tOlulene as equivalent to SW -846 Method 

extract _~ .. ,_.", with concentrated sulfuric acid; by extract analysis 

most recent SW -846 chromatographic (GC) method PCBs. 

SW-846 methods 

and instrument methods are 

to text 

or than to present ""6UUJ''''", ... """' .... "6 ..... u ... " ......... of 

perfonning the method; major changes to methods are a new method number. 

example, Method 8082 is 

columns with ele~;;trCtn "'(llIoILLtI", 

Method 

columns becl:une 

capillary GC 

PCBs using packed 

in laDI)ratom~s SI)eC,IfiC were 

included PCBs) and PCBs (8082). This 

"'" ........... u because ....... ',IV.:l'Ul ... 4 mentions some of methods. 

1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

Method 8280 is dibenzofurans, and method 

number in bm::lmmre 4 should be 8082. The implementation of performance based 

measurement systems (PBMS) may end requirement to use specific methods, 

.., ........ IJIJ~uJ;. r>("'tT>fr<llr>t" may methods that contract 

Cle:m-llD of the sample is compared to 

for decades for PCB ,. .. H'"V"'.., The clean-up takes 

Concentrated acid will react with 

u" ......... "" which would be chromatographic interferences in yet will not 

IDOltlents of Aroclor The into 

from extract before GC 

'"'" .. " ..... , .... , has found that toluene extract cable samples 

presumably other did a distinct separation of solvent and 

layers during the dean-up, but that diluting toluene with hexane an 

..., .... '1 ..... " .... , as as a appropriate for GC 

auditor will Lt. U.3a.U< talk to the manager or quality 

assurance scrapping 

In to analytical procedures the 

should be 

• 
• Who Selt~ClS locations/what samples to collect 

• How are for analysis 

EPA·33 119·991001 F" ..... II"1'V 1999 
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is an 

not 

MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

• What of cable samples are analyzed 

• What is the size of sample portions 

• How are performed 

• 

• 

• 

• 

How Aroclors are quantitated (are quantitative based on standards of 
detected in the sample?) 

is in terms of sample 
a spikes at 

What happens on 
personnel actually n"',.~",,., ..... 

can be vennea by talking to the 
the analysis) 

nl'(',('{!>{1nrs'c are conducted (obtain a QC .., ... ""-11 .... type of 

for rubber~lik:e uu.,."'" ..... ., is important so the can 

1 mm is ..... '''IF .... ,, but if rubber 

are no more than 2 to 3 mm in the laboratory is probably 

can be 

opportunity cuts. 

at of ship scrapping samples and 

nn<O!f>rvf'n from 5 feet 

and 

standards. The 

should be 

u ..... uV·1;O ... ,uli> should 

a m~ 

be nn" .. .,.,.,.,,, without great concern. Such peaks are interferences the analysis. 

accurate 

the 

a portion 

Arochlor 

the 

the Aroclor patl:ern could not be lOeltlUfteo, 

in the sample. 

of Aroclor 

prevent 

FebrllllTV 1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

of O\.aL1 UaJ. and SanllOle chromatograms oUU'UJ,U allow to 

or 

additional peaks which will but if the laboratory a 

you should be able to pick out a of peaks due to the ..n..J.'''''''''''cu mixture, 

see a pattern of peaks a for lab has not reported PCBs 

as present, laboratory personnel should be able to convince by 

pattern of that no If 

this pann"'t have reason to question the aCC1Ura(;V 

laboratories have a cmnmlteI'·b'LSe( C!uO;:;fPtn for and 

........ jli>.I..I.LO, .. "' ... displays of portions a 

", ....... ',"' ..... to standard chromatograms can made. 

A to ... "" .. '1" .......... 

reliable PCB data which 

/ilu/illrpl"Yl stops collecting run, 

or data 

reponed for such 

truth is more 
.. 

no more than a few small peaks, and 

blanks greatly different pure on ac. 
Be aware that the GC data ~V"'lr"'rn probably normalize the scale of a to 

bad. 

of 

to 

nUI, .. U,,,, .. L, ..... ,, .. can a chromatogram look 

on a chromatogram to see a number height 

this number is on the order of six 

three or the n'l"G>!n!lr<lM 

FI'lhrn,,", 1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

even if is reS100n,8e of the blank is "U"'~6U'U""'<U'" 

Potential problems observed during an audit should be supported by Cloc:umentatton . 

Get copies of .")UI:i\,.lUI" sources for information and examples of 

uv.")'uUJ;:, splits problem sanlDlflS. 

event 

at 

are problems. COlllsideI 

from 

published 

scrapping operations 

Register 

as cable 

and rubber I!a.qltcetq are classified as PCB bulk product waste. This may 

are conducted. 

C!l'rIl,nnp·rC! are not manufacturers would not 

subject to 

any spills. Any spill 

including written fonow-up 

can be contacted a 

amendlme:nts were 

to do rele:ase .... n, .......... 

of the UlvJUIUI".:> NEIC 

the 

Coast Guard (National 

Guard 

contacted to see if it has responded to 

is a EPCRA [40 370] reporting 

10,000 pounds 

(basically ",",tilth •• ,,... that needs a safety data 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

[MSDS» mCluae liquid """"' ..... n other cne:mll:alS used to supply cutting torcnes. 

is nD SIC cDde limitatiDn. 

Tributyl (TB1j paint ann-IOU paint) is CDnSlo«!rea a pesticide. paint 

Dr paint waste may be subject to label disposal directiDns andlor RCRA regulatiDns. Paint 

.on cut Up would excluded RCRA regulations, provided the scrap is 

and other metals are cDnsidered metal and 

dredge their slips, and 

nn"''"'''''''n at the The scniPpinJ! facility wDuld need tD 

.obtain a CDrpS .of _~I::"" __ ' v'~ .... n 

.of is other 

alsD ........ UA.VU COIlwnm~aoc'n "'.LUll .... tD surface 

at 

EXIT CONFERENCE 

the ntelrenc::e between 

... _ ... /» ... are ", ... "u.un'''':J will 

state ., ..... ::ov .. , ........ made 

to a fDllDW~Up status repDrt .of subsequent taken tD 

be encDuraged 

inspection 

included as an infDrmed that status repDrt will 

it is IDSlJeC11Dn report is .. &Ui<&.U£ ........ 

EPA.33 119·991001 FebrllatV 1999 
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MULTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

INVESTIGATION REPORT 

After the on·site inspection is completed, information obtained is further evaluated 

"" .. v.,........ An investigation report then written to 

nn,om,gs, .... .., •• "' ... " ... , ..... , and supporting information in a logical, organized manner. 

they are published in 

_._., ..... one or more of comments on 

is is 

or be .................... . 

Inspection reports are prepared by appropriate individual or team 

member(s) under direction the team leader. All participants in the report preparation 

DrClCe!)s must assure that their individual are accl11rat:e, """"''''!.lnr 

commensurate Supporting information and 

or to 

Report ......... v." are responsible for aetlerm!lIDllg 

disclaimed. 

disclaimers are u"""' ... ",,.... Although 

overall reslPOnsibJili content of the rca .... "' ...... 

veS,tll!:atlc)O team leader, team .", ... ".uv'"" and 

Many 

a 

prepared. 

"'1'1'11'1.", not 

....... ' ...... and 

final 

are possible for I "'UF·".... to produce 

it is multimedia report be 

a multimedia inspection report be diverse and 

but also reporters, informed 

The should this diverse 
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MVLTIMEDIA COMPLIANCE MONITORING INVESTIGATION PROTOCOL 

Readability comprehensive multimedia reports may enhanced organizing 

into two major the Summary and the Report. The 

section states objectives. relevant 

information, sunnmmzles inspection methods. and as appropriate, presents 

conclusions regarding compliance which are supported by a brief summary of the 

Summary should .... "'.nnA specifics to aCClural:eJ dettermline n'U"'LU...,. a violation 

«insufficient space" does not sufficient detail; space 

acceptable). The "' .... ""'.un" .... Report section more 

inspection, details about the IIDCIID,g:S, in~luding SaJItple 

the 

.............. J must to supported by dis(;us~;ion in the 

of final is coordinated with 

and business 40 

material 

with without 

are often 

and is per 
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SOURCES OF SUMMARIES OF APPLICABLE ENVIRONMENTAL LAWS 
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Multimedia 
330/9.89·003~R, 

NETI-West Multimedia Inspector 

Basic Inspector 

Generic Protocol for 
EP AJ130/4-89/002 

NETI on Major 

March 1992, EPA report number: 

Course Manual - March 1996 

Manual- July 1997 

Audits at Federal Facilities ~ 1989. 

... "' ......... Statutes - 1998 

Handbook. 14th Edition, Thomas F.P. Sullivan, Institutes, 
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AppendixB 

NEIC SITE HEALTH AND SAFETY PLAN 

************************************************************************************ 

1. 

2. 

General Information 

Project Project 

Description of 

Date ofField 

Project Lead~:l"e;JI 

Contractor Personnel: Must be OSHA certified per 29CFR1910.120. 
(N/A) Obtain list of personnel, duties or work to be 

performed, and copies of training certificates. 

************************************************************************************ 

7. 

______________ (emergency room) 

11. 

12. Poison Control Lelnter: ____________ .. 

13. Site Emergency NotificationlEvacuation 

1 
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14. NEIC .1.01."'0.."'''' Steve Fletcher - 11 

Radiation Safety Jed Harrison, Director 
Office of Radiation 

Programs 
Las Vegas Facility 

. 702-798-2476 

*.**.******************************************************************************* 

known or potential hazards: _Radiation _Toxies 
_Noise _Physical _Biological _Dusts 

NOTE: DISCUSS HAZARDS AND PRECAUTIONS IN DETAIL IN WORK PLAN 
BELOW. 

working conditions/limitations (excavations, confined .,lJj:l. ... ~,i:). 

* Attach hazard management applicable. 

White or or~f!ni!:h 
function blue, or gray-green 

PEL fibrous solids 

19. and control measures which will be taken, 

2 
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21. Site Control/Security 

jJI;;.I"VUll4illUUili.lVU Procedures (pelrSOImeJ hygiene. contaminated clothing, eqlliprnelllt, 

23. PmCedlllreS (colntarnin,ated equipment, ('WI'II ... I,,'€! U'",",UUIAUUllaUVJ solutions. 

3 
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************************************************************************************ 
Approyals 

This HASP has been reviewed and constitutes the minimum anticipated safety requirements 
personnel engaged in field activities at project site. However. the Project Leader has the authority to 

these requirements, based upon the conditions present at the site. 

Approyed by: 

26. Health & 

SITEHASP.SAF: 03/92 

4 
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OF STATE AND FEDERAL (NESHAP) 

CHECKLISTS 
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Texas Department of Health 
Site Inspection Checklist / NESHAP & TAHPA 

ON-SITE RECORDS/DOCUMENTS: 
1. Applicable Regulations 295 
2. workers 295.62(c)(2)(M) 
3. 
4. 
5. 
6. 
7. Copy of contract specifications 295.62(c)(2)(B) 
8. Name and address of 295.62(c)(2)(I) 
9. mOnitoring personal) 295.62(c)(2)(F) 
10. Written respirator program 295.62(c)(2)(G) 
11. Required 

ABATEMENT 'PRACTICES AND PROCEDURES: 
13. Was ACM survey conducted 6L 
14. lea) 61. 145(b) 

,>,,"""£1""0 to 295.61(d),(e) 
began on notification start date 

17. ACM demo/reno 
18. Are wet methods being used 295.6O{h) 61. 

YES NO UNK N/A 

YES NO UNK N/A 

19. ACM thoroughly wet 61. 145(c)(2),(3),(4) 
Units 295.60(j)(2)(B) 61. 

21. HEPA 61. 
22. 

29. 

295.5S(b)(3) _ 

WASTE DISPOSAL PROCEDURES: YES NO UNK N/A 
61. 

Is ACWM bagged 
Is ACWM in bags thoroughly wet 295 

39. Do bags OSHA waminglabels 61.150(a)( 
40. Do bags generator 
41 ACWM 10 be of at an approved site 61. 
42. 

INSPECTOR(S) NAME: _______________ _ 

3. 

8. 

10. 
I. 

IS. 

21. 

2S. 

30. 
31. 

40. 

INSPECTOR(S) DATE _____ _ 

SUPERVISOR SIGNATUR.~E;U~;;:;;tUd~iU~~;jWm~~;;i~DATE _____ _ 
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TEXAS DEPARTMENT OF HEALTH 
ASBESTOS DEMOUTION AND RENOVATION 

SITE INSPECTION CHECKLISTINESHAP AND TAHPA 

NotiftcatiOD II: _______ _ Date rrime of iDspection: ___________ _ 

Fa~LM~a~Nlaml!:------------------------------------------------

Public Health RegiOD I Loc:al Program: _______ COlmty: ____ ---------

NESHAP: __ _ TAHPA: __ _ Notification Priority: ____ _ 

. Reasou for Inspection: (Circle those applicable) 
DEMOLmON RENOVATION O&M coMPLAJ:NT COMPLIANCE· 

Buildiq Owuer: _____________ _ TDB License No: _______ _ 

CODtractor: _______________ TDH License No: _______ _ 

lDdhidual CoDSUltaDt: _____________ TDB License No: _______ _ 

CODSUltaDtAll~~f; _____________________ _ TDB License No: ________ _ 

Project Supervisor: ________ - ____ _ TDB License No: _______ _ 

Air MomtorlLab: ____________ _ TDB License No: _______ _ 

Transporter: ___________ ------ TDB Liceuse No: _______ _ 

Name(s) aDd Position(s) of Otber Person(s) Interviewed: 

What type of ACM or Suspect ACM is iDvolved iD the Projed (i.e. insulation, floor roofmg. etc.)?: 

Is the Material FriabllelRlerulatE~d,!:. _______________________ _ 

Describe CUJTeDt Stage of the Projed (i.e. prep. removal, clearance. CIC.): 

Note auy cbauges iD the Information Provided on the Notification: _______________ _ 

When did work that disturbed ACM start (if different from notification)?: ___________ _ 

Waste Disposal Site: ___________________________ _ 

Comments/Summary of Recommendations I Discussion with Owner/Operator: 

Was ContaiDment entered by lDspeaor(s)?: 1. YESINO __ ,(initial) 2. YESINO __ (initial) 
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ABBREVIATED CHECKLIST FOR MAP COMPLIANCE 
(pUBLIC AND COMMERCIAL BUILDINGS) 

FOR USE ON NESHAP INSPECTIONS 

I. GENERAL INFORMATION 

Name or Facility 

Address 
(City, State, Zip code) 

OwDerName 

CODtact PersoD 

Address 
(City, State, Zip Code) 

Phone Number 

Date of inspection: Time of iDspectioD:, ___ _ 

ReasoD for lDspec:tlon: __________________ _ 

Routine CompliaDce InspectioD:, __ _ CitizeD ComplaiDt_ 

RespoDse ActioD IDspectioD: ___ _ 

Other 

II. Definition of Public and Commercial Building: 

FEDERAl-

( fl'" For,.,) 

The interior space of any building which is not a school building, excluding residential 
apartment building offewer than 10 units or detached single-family homes. The tenn 
...... , .......... "'. but is not limited to industrial and office buildings, residential apartment 
buildings and condominiums of 1 0 or more dwelling units, govemment-owned buildings, 
colleges, museums, airpons, hospitals, churches preschools, stores. warehouse, and 

Interior space includes exterior hallways connecting buildings. porticos, and 
mechanical systems used to condition interior space, 
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ttt. OPENING CONFERENCE 

1. PersoDDel preseDt and iDterviewed: 

Name:. _________ _ Title: ________ _ 

Name: _________ _ Title: _________ _ 

2. EPA iDspector aeeompaDied by other State or Federal employee(s) 

No. ___ _ 

AgeDey!, _______ _ 

3. Credentials presented 

4. Notice of Inspection signed and a copy provided to official? 

Yes No ____ _ 

IV. INSPECTION 

Abatement Project Description ( size of project, type of material, methods used): 

Was the Building initially inspected for asbestos: 

No, ___ _ 

2 
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V. Provide accreditatioD of cODtracton aDd worken: 

NamdAdd~sofCoDtrador ________________________________ _ 

CODtrlctorlSupervison: 

1. Name: AccreditatioD N: Date 

Name/Address ofTraiDiDg 

1. AccreditationN: Date 

Name/Address of TrainiDg 

Project AccreditationN: Date 

Name/Address of Training 

Worken: 

1. Accreditation 

Name/Address ofTrainiDg 

2. Name: AccreditationN: Date 

Name/Address of Training 

3. Name: Actl'editatioD#: Date 

Name/Address ofTraiDiDg 

4. AccreditationN: Date 

Name/Address of Training 

5. 

Name/Address of Training 
3 
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6. Name:, ____________ __ Aeereditation":, _______ Date, ____ _ 

Name/Address of Training Provider ________________ _ 

~Name:, ____________ __ AecreditatioDN: _______ Date, ____ _ 

, Name/Address of TraininK Prctvilller. __ --------------

8. Name;, ____________ __ Acereditation .... ________ .. ,.~"'----_ 

Name/Address ofTrainiDg Provider ___________ ~ _____ _ 

9. AeereditatioD#: ________ Date, ____ _ 

Name/Address of Training Pn)Vi4ier ________________ _ 

VI. Air monitoring data 

Was air clearance performed? 

1. Name and Address of 

Accreditation 

Contact Penon: ___________ _ 

Type of Analysis: TEM __ _ 

VII. POST INSPECTION INTERVIEW 

Inspector Sigoature 
Revised 011 10129197 

PODe Number ______ _ 

PCMl _____ _ 

Date 
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DEPARTMENT 
OF 

DEFENSE 

REQUEST FOR TECHNICAL 
PROPOSAL (RFTP) 

31-8018 

RFTP Opening Date and Time 
APRIL 30, 1998; 4:30 P.M. EASTERN TIME 

Inspection Period Begins: March 16, 1998 

This RFTP is for 13 ships located on the West Coast. 

Inspection is mandatory. 

Inspection period ends on April 24, 1998. Seven days 
notice required prior to inspection. 

Proposed Invitation F 9r Bid is provided for infonnation 
purposes only. 
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31·8018 

REMENTS AND CRITERIA FOR PROPOSALS 
(FOR DOMESTIC SCRAPPING) 

SHIP ON WHICH IT INTENDS TO EACH BIDDER MUST INSPECT EACH 
BID PRIOR TO SUBMISSION OF ITS 

TO BE TECHNICALLY 
AND MAY NOT BE WAIVED. 
the 

IN ORDER FOR 
INSPECTION IS 

time of 
THE PRE-DISPOSAL 
SHIPS. 

ised 

s. 

I which 
BIDDERS MUST CERTIFY RECtIPT OF 
THE TIME OF INSPECTION OF THE 

the the 
fied U.S. 

2 

BIDDERS ARE ENCOURAGED TO PERFORM A THOROUGH ION OF 
THE SHIP TO DETERMINE THE MAJOR PMENT REMAINING ON BOARD. 

For items 1-10 
(360)476-8 

For 
4 4 or 

11-12, 
to: 

information 
informat 11 

. The 

Name 

13 
to: 

s 

Sea 
Nava~ Inact.ive 

(PSNS 
2450 

Point of 

Number 

ion can be faxed to 

Command Detachment 
Maintenance Facili 

4 
Pet.e Galassi 

s can to (8 )471-

Naval Sea Syst.ems Command Det.achment. 
Naval Facility 
93-051 Access Road 

, HI 96797-3272 
Point of Cont.act: Walt Leonard 

I SUNDAYS, 0 
16 1 19 , 
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3J·80J8 

o (S) : 

1-13 

Bidder's may submit more than one 
s RFTP. If the bidder intends to bid on 
(5) I (s) , (s) mus t 

ity and facili lot(s) tem(s) 
BIDDERS SUBMITTING A PROPOSAL FOR ITEM 

13 (EX-ORISKANY) ARE REO TO SUBMIT A SEPARATE TECHNICAL 
FOR THIS ITEM. The 1 and 

OI" the 
name shall 

1", The title 
{l) the 

the 
name of 

disclosure of 

c. 
the or 
page numbers of section. 

of contents shall identi 
and show locat on and 

The proposal is the primary basis for the 
evaluation of: (a) the to which the bidder's claims of 

are and the abili the 
perform in accordance th the rements. The 

techni factors to be considered are those discussed herein. 

particular at to the 
cal proposals and to 

to crate their 
of the work lved, 

rement to 
1 Federal, 
technical 

contract rements in 
laws 

include: 

al shall be 
as Government a 

evaluation of and a sound dete 
will have a reasonable likelihood of the 

2 
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rement! 
tat 

fully 

fa 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 

General statements to 
tands, can, or will 

laws and regulations or 
will be used" or "Well-known 

TITLE PAGE 
TABLE OF CONTENTS 
ENVIRONMENTAL COMPLIANCE PLAN 
OPERATIONAL PLAN 
BUSINESS AND MANAGEMENT PLAN 
SAFETY AND HEALTH PLAN 
DRAWINGS 
LIST OF APPENDICES 

not 
the 

the 

red to 

APPENDICES: ry or as necessary. 

TECHNICAL FACTORS 

y 
::a1, State, 

the fol in 
subcontractors who will 

A. Provide the 

hazardous waste, 
not limited to): 

(transformers I 
gaskets, 

.3 

under 

advised that 

fication (tes ), 
and 

and 
but 

PCB 
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3. 

4. 

5. t gaskets, 
water, zinc chromate 

6. 

7. Ozone 

8. Waste water ( 

9. 

10. 
water 

11. caulS 

12. Cadmium 

B. Ident 

substances 

fication (10) numbers and all 
(Federal, State and local) 
whether such have al been issued 
agency or will be obtained the bidder or 

51 

t) 

fresh 

appliance::;) 

C. Identi names, ses, EPA 10 numbers of 

s 

and 

I and disposal lities. 10 for 
permit and insurance for bidder shall 

use only the and treatment, S I and di 
facilities (TSOFs) from the ified TSDFs st and lif 

s (see IFB 5T: USE OF TSOFs AND 
TRANSPORTERS for addi J. This list is available on 
the World Wide Web (www) at :1 .mil or 
ht:/ .dla. ro.html. Bidders who do not have 
access to the www may request a of these lists from the 
Sales Contract Officer. (see IFB Article ST: USE OF TSOFs 
AND TRANSPORTERS for additional 1 . 
which demonstrates a reI with the 

ities you use. 
fests, Letter of Intent, etc. 

D. a scrap 
erne response to be taken 

and 
ensure 

that storm water 
materials 

E. 

4 

with 
(s) • 

and 
or any 

I 
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A. 

s. 

The 
demonstrate 
contract under 

c. 

ensure sa 

(1) us 

(2) Measures to ensure s 
smantl 

to 

or 

1 

I sl or other 

Ii hull 

(3) Final dismantlement of underwater hull 

(4) Measures to 

Measures to 
from 

each 
progressive 

of the 

the water 

to 
the 

the work 

the 
the 

to execute the abatement and di 

(1) Removal of the shipes) 

(2) 

5 
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subcontractors 

F. 
de 

person, 
r's 

with: 

(3) 

(4 ) 

(5) 

(1) 

(2) 

31·8018 

cont·ract 

t 

to 
abatement 

1s 

I P 

the work of all 
hazardous 

cation, 

(1) Resource Conservation and Recovery Act 

(2) c Substances Control Act 

(3) rtment of 
nist-rat 

(4) Hazardous 

(5) 

( 6) 

; S 
ion (DOT) 

standard 

and Health Act 

formed 

on 

the 

G. Describe procedures for severe weather 

H. Des 
water. 

for all 

to be used 
to cutting. 

and sump 

fuel and 
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3. BUSINESS AND MANAGEMENT PLAN: of the 
firm's management and 

trate 
of effort, 

contract. 

A. The bidder 1 identify and describe , and 
subcontractor's to be used, zations to m~nage a 
contract 

(l) 

(2) 

by ctors 

to over 

c. or 

of 
sues 

(3) ldenti 
contact. for 

ated to contract. 

B. 

C. risk s which are 
s contract as related to 

and sc 
and hazardous 

of 
s 

with 
assistanta. 

O. an 

(1) 

(2) Hazardous abatement and 

(3 ) king 

7 
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E. 

F. 

31·8018 

( 4 ) Haza waste 

(1) How 

(3) Oesc 
as water 

and 
requirements. 

(4) Describe the 
faci li ties and 

(5 } 

lease, or by 
indicat a statement 
such facilities 

and 

ect 

taken due to 

a letter 
zed) 

to be 

the 
where 

marine 
other 

of the 
li 
or 

1i 

of such 
the cont.ract 

owners 
utilize 

(6) Provide that utilization of 

(7) 

(6) Oeser 
record 

(9) 

8 

licable, allow 
and that 

con 

ronmental lance 

for (s) 
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concerns or 
s 

the bidder or 
this contract must be submitted. 

4. SAFE~Y AND BEAL~H PLAN: 

A. plan 
by OSHA 29 eFR Part 1910 

not limited to: 

(4) Fire P 

ressed 
es for 

sa 
eFR Part 1915, 

Desc 
watch. hazards, fire 
lines, water y. fire 

on 

ng 

, training, proper handl and 
, and i of 
sources. 

and 
of hoses 

(6) Scaf 
Describe 

access to 

9 

Provide 
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(10) Asbestos 
PEL 0 . 1 fIe c , 

( 11) 

ion 
and hooks. 
and hauli 
operators. 

31·8018 

(12) Personal Protective 
certifications, eye and noise 

ion nst radiant energy t on in 

personal, 
r ,etc. Describe 

ram and hea 

( 13) 
emergency 
for 

Plans. 

, rescue, 
, treatment 

numbers and 

10 

to life, 
iculate 

systems, life 
ction 

Describe 

I 

t.o account 
, alarm systems, 

duties and first. 

provide 
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, work c1 

of 

etc. 

Late Submissions 'and Modifications of Technical Proposals Under 
Two-Step Formal Advertising 

A.. Technical 
the possession of the 
Eastern time 

B. 
receipt Government 

must be 
4:J~ p,m. 

Is or 
Eastern on 

ish the of 
s at the Defense 

Reutilization and Service (ORMS) National Sales Office. 

~UATION CRITERIA 

A.. The evaluation 
teness and clari 

soliCitation, and the sk that 
y successful as proposed. 

factors are conside to be of 

ronmental ance Plan 

ional Plan 

sand Plan 

Safe and Plan 

de 

11 

11 be 

, reasonably 
The 

1 

A 
's proposal which 
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ORAL OR WRITTEN DISCUSSIONS: 

Government 

NOTIFICATION or PROPOSALS: 

When a 
tially 

Contract 
of the 
be consi 

rs. 

MAIL YOUR TECHNICAL PROPOSAL 

Defense Reutili and 
Attn: Ms. Jones 
Sales Division, DRMS-LMIB 
74 Washi Avenue North 
Battle Creek, MI 4 17 

4 

12 

ther 

not 
i 

1 TO: 

Service 
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PROVIDED FOR INFORMATION ONLY. 

THE INFORMATION CONTAINED IN THIS ENCLOSURE IS 
INTENDED TO BE INCLUDED IN THE PROPOSED INVITATION 
FOR BIDS (lFB) SALES CATALOG, TO BE ISSUED AS STEP TWO 
OF THIS TWO-STEP SOLICITATION. ANY VARIANCES FROM 
THIS ENCLOSURE WILL BE HIGHLIGHTED IN THE IFB SALES 
CATALOG ISSUED IN STEP TWO. 

IF AN IFB IS ISSUED IN STEP TWO, THE IFB WILL ONL Y BE 
ISSUED TO BIDDERS WHO HAVE SUBMITTED AN 
ACCEPTABLE TECHNICAL PROPOSAL IN STEP ONE OF'THIS 
SOLICITATION UNDER RFTP 31-8018. 

13 
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ITEM DESCRIPTIONS ............................................................. " .................. 15·32 

ENVIRONMENTAL It SAFE1Y 
INFORMA nON INSTRUCTIONS AND TERMS AND CONDrnONS ........... 33·35 

TERMS It CONDrnONS OF SALE ......... ,. .................................................. 36-53 

rrEM BID AND AWARD PAGE ................... n .................................... . 

END USE CER.TIFlCATE ................................................................. . 

STA T'EMENT OF lN1"ENT ............................................................ ~" ...... . 

PAYMENTS: All Payments must be made in U.S. Currency in the ronn 
of cash.. cashier's check, certified check, Traveler's check. bank draft or money 
order or credit card (Mastercard or Visa only) ) and submitted directly to the 
NationaJ Sales Office. 

MAlL TO: DEFENSE REurILIZA nON AND MARKETING 
NATIONAL SALES OFFICE (DRMS-LMIB) 

74 WASHINGTON 
SA TTLE Ml 49017·3092 

OR FAX: 616·961·1568 

ITEMS 1-6 ARE BEING SOLD IN A PREDETERMINED LOT 
ITEMS 7- 11 ARE BEING SOLD IN A PREDETERMINED LOT 

ITEM 13 IS BEING SOLD AS AN INDIVIDUAL ITEM 

INDIVIDUAL BIDS WILL NOT BE ACCEPTED ON ITEMS BEING SOLD IN 
PREDETERMINED LOTS. INDIVIDUAL BIDS WILL BE ACCEPTED ON ITEM 13 
ONLY. 

CONTRACT AWARD WILL BE BASED ON THE PRICE SUBMITTED FOR EACH 
LOT. HOWEVER, FOR TRACKING PURPOSES IN THE DRMS AUTOMATED 
SALES PROGRAM, PLEASE PROVIDE PRICES FOR EACH ITEM IN EACH LOT. 

14 
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LOT 1, ITEMS 1-6, ARE LOCATED AT SUISUN BAY RESERVE FLEET 
BENECIA, CA 94510 

LOT 2, ITEMS 7-10, ARE LOCATED AT SUISUN BAY RESERVE FLEET 
BENECIA, CA 94510 

LOT 1, ITEMS 11 AND 12, ARE LOCATED AT NlSMF PEARL HARBOR, HI 
W AlP ABU, HI 96797-3272 

ITEM 13, IS LOCATED AT MARE ISLAND, VALLEJO, CA 94590, BUT 
MAY BE MOVED ELSEWHERE IN THE SAN FRANCISCO BAY AREA 

PRIOR TO CONTRACT AWARD 

INDIVIDUAL BIDS WILL NOT BE ACCEPTED ON ITEMS SOLD IN LOTS. 
INDIVIDUAL BIDS WILL BE ACCEPTED ON ITEM 13 ONLY. 

Ships are available for inspection by appointment only Monday through Friday, excluding 
holidays, between the hours of 0800 - 1500. Appointment must be made '1 days advance. 
Please submit a fax on company letterhead providing the name, social securi~y, employer, 
and vehicle description for each Individual inspecting these ships. Fax to (360)476-8665 for 
ships at Suisun Bay and Mare Island and (808)471-4524 for ships at Pearl Harbor. 

THE GOVERNMENT DOES NOT WARRANT OR GUARANTEE, BY EXPRESSION 
OR I1\IPLICATION, THE SIZE, TONNAGE, OR OTHER DESCRIPTIONS OF THE 
SHlPS. 

1. CUlDED l"vDSSILE CRUlSER. EX-JOUETT, CG~29: 

BL1LT 1964 BY PUGET SOUND NAVAL SHIPYARD, STEEL HULL WITH 
ALU~nNUM SUPERSTRUCTURE 

CHARACTERISTICS 

Lengtb , ............................................. 547' 
BeaRI" ........................... "' ................ "' ............. 54' 8" 
DraJt ........................ C,"d ...................... 13' 6" 

mid ........................ l" 
aft ....................... !9· 

Main Engines ... Z ••• Geared Turbine Delaval 
Boilers ••• 4 ••• Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the hull is in good eondition. 

Displacement tons: ESTIMATED 6,375 TONS - BASED ON WATERLINE SURVEY 

Each bidder must inspect the ship. 

IS 
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MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE smp: 

Industrial Plant Equipment 
1. Lablond Lathe 54" 
2. Power Hacksaw 17" 
3. Pedestal Grinder 10" 

Location 
2-151..o-Q 

" 
l-152..o-Q 

4. Electro Drill Press Model801C 
S. Wilson Model37G 60 Ton Press 

Other Equipment and Material 

I. Galley Equipment 
1. Miller 400S5 Welder 
3. MUler 300SS Welder 
4. Linde 301 HW Welder 

l-!)l..()-L 
1-3S-S-L 
1-72-1-L 

1.151..o-Q 
5. Universal Sand Blaster Mod B·3 

The Main Ancbor and cbain are not included as part oC the ship sale. 

This ship must be scrapped to the extent specified in Artic::le 5J. 

DE1\fiL CODE: D 

DEMlLIT ARlZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or to a usable condition. All guided missile launching systems. mounts and fire 
control systems; sonar domes, transducers and associated eqUipment; torpedo tubes. gun mounts and 
any other weapon systems must be further and totally destroyed by melting, cutting, tearing, 

crushing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE 

LOCATION: SUISUN BAY RESERVE FLEET, BENECIA. CA 

lEACH 

END USE CERTIFICATE AI'iD ST A TEl\IENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR TmS ITEM. 

1. GUIDED MISSILE CRUISER, EX-HOR.I'([, CG·30: 

BUILT BY SAN FRANCISCO NAVAL SmpYARD, COMPLETED OCTOBER 1964. 
STEEL HUl.L WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

Lengtb"' .............. "' ••••••••••••••••••.•••••••••••• .547' 0" 
Beam ....................................... I11 •• " •••••• ..54' 8" 
Draft ......................... fwd ....................... 10' 6" 

mid •.•••• _" ••••••.••••• 14' 0" 
afl ...................... lS· 6" 

Main Engines ••• 2 ... Geared Turbine Delaval 

16 
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Boilers ••. 4 ... Combustion 

mERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SIDP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the bull Is In fair condition. 

Displacement toDS: ESTIMATED 6,305 TONS - BASED ON WA TERLlNE SURVEY 

Each bidder must inspect the ship. 

MAJOR ITEMS OF EQuiPMENT REMAINING ON BOARD THE SHIP: 

Machine Shop 

1. 1 ea. - Lathe 
2. lea. - Drill 
3. 1 ea. - Milling Machine 
4. 1 ea •• Grinder 

The Main Anchor and chain are not included as part of tbe ship sale. 

This ship must be scrapped to the extent specified in Article SJ. 

DEI\UL CODE: D 

DElVnUTARIZATION: lieypoint demilitarization was previously 
restoration or to a usable condition. All guided missile launching mounts and fire 
control sonar domes. transducers and associated equipment; torpedo tubes, gun mounts and 
any other weapon must be further and totally destroyed melting. cutting, tearing, 

crushing or breaking the item and components. 

CONTAC1: PETE GALASSI PHONE (360)416-3510 

LOCATION: SUISUN BAY RESERVE FLEET, BENECIA. CA 

lEACH 

END USE CERTIFICATE AND STATEPrIENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBl\UTTED WITH BIDS FOR THIS ITEM. 

3. GUIDED MISSILE CRUISER., EX-STERRETT. CG-3l: 

BUILT BY PUGET SOUND NA VAL SHIPYARD, COMPLETED JUNE 1964, STEEL 
HULL WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

0" 
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Beam .................................................. 54-' 8" 
Draft ••••••••••••••••••••.••• fwd .••..••.••••••••••••• 11· 0" 

mid ...................... 14' 6" 
aft ...................... 18' 

Main Engines ••• 2 ••• Geared Turbine DelIVa. 
Boilers ••• 4 ••• Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is tbe opinion of the Government that the hull Is III good condiCton. 

Displacement tons: ESTIMATED 6,206 TONS (BASED ON WATERLINE SURVEy) 

Each bidder must inspect tbe sbip. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE SHIP: 

I. Buffalo Nil Drill 
2. K.R. Wilson 60 Ton Press .. 
3. Lablond 4' X 30" Lathe 

1. Miller Welder SRH~333 1-35-S-L 

The Main Anchor and chain and 6 each extra anchors are not included as part of the ship sale. 

This must be scrapped to the extent specified in Article SJ. 

DEl\flL CODE: D 

DEl'rflLlTARlZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable cc,r:diUon. All guided missile launching systems, mounts and fire 
control systems; sonar domes. transducers and associated equipment; torpedo tubes, gun mounts and 
any other weapon systems must be rurther and totally destroyed by melting, cutting, tearing. 
scratching, crushing or breaking the Item and components. 

CONTACT: PETE GALASSI PHONE (360)476-3510 

LOCATION: SUISUN BAY RESERVE FLEET. BENE CIA, CA 

1 EACH 

END USE CERTIFICATE AND ST A TE!\IENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR THIS ITEM. 

4. GUlDED MISSILE CRUISER, EX-WILLIAM R. STANDLEY. CG-3Z: 

18 

NWMAR 117783 



31-8018 

BUILT BY BATH mON WORKS CORPORATION, COMPLETED DECEMBER 1964, 
STEEL HULL WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

Length ••..•..••...••.......................••••...•. 547' 0" 
Beam ..............................•. " ................ ..54t 8" 
Draft .......................... fwd ...................... l0' 0" 

mid ..................... 14' 
.ft ..... "' ................... 18' 

Main Engines ••• 2 ... Geared Turbine Delaval 
Boilers ... 4 ... Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the hull is in good condition. 

Displacement tons: ESTIMATED 6,101 TONS (BASED ON WATERLINE SURVEy) 

Each bidder must inspect the ship. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE SHIP: 

1. Burralo N18 Drill Press 
Z. Sheetmetal Brack 4' 
3. Milling Mach Mod H 
4. Leblond .. X 10" Lathe 
S. 10 Ton Hyd Press 

1. Miller Welder 
2. Galley Equipment 

2-15Z-0-Q 
... 
... 
.. .. 

1-152-0~ 

1-92-0·L 

The Main Anchor and chain are not included as part of the sale. 

This ship must be scrapped to Ihe extent specJfied in Article SJ. 

DEMlL CODE: D 

DEMILITARIZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable condition. AJlguided missile launching systems, mounts and Ore 
control systems; sonar domes, transducers and assodated equipment; torpedo tubes. gun mounts and 
any other weapon systems must be furtber and totally destroyed melting. cutting. tearing, 
scratching, crushing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE (360)476-3510 
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LOCATION: SUlSUN BAY RESERVE FLEET, BENECIA, CA 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED Wlm BIDS FOR THIS ITEM. 

S. GUlDED MISSILE CRUISERt EX-FOX, CG-33: 

BUlLT BY TODD SMPYARD CORPORA nON, COMPLETED NOVEMBER 1964, 
STEEL HULL WJm ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

0'" 
Beam ....•.......•••.•.•........................••.•.. 54' 8" 
Drarc ........................ Cwd .•••••••••.•••••••••• lO· ," 

0" 
aft ....................... l7' 6" 

Main Engines ••• 2 ... Geared Turbine Delaval 
Boilers ••• 4 .•• Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. mE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the hull is in good condition. 

Displacement tons: ESTIMATED 6,312 TONS (BASED ON WATERLINE SURVEy) 

Eacb bidder must inspect tbe 

MAJOR ITEMS OF EQUIPl\{[NT RE~WNING ON BOARD THE SHIP: 

I. Bufralo NI8 Drill Press 2-1S2-O-Q 
2. Pe:lto Mod Dropsbear .. 
3. U.S. Tool 10" Bentbgrinder .. 
4. Leblond 4' X 10" Lathe " 
S. Peerless 17" PWR Hacksaw " 

'.' 

1. Miller Welder (l ca) 1-151-O-Q 
1. Galley Equipment 1-92-O-L 
3. Dryrod 550 Degree F Rod Oven 1-152-O-Q 
4. Miller Welder SRU-333 1-71·14L 

The Main Anchor aDd chain are not ineluded as part or the ship sale. 
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This ship must be scrapped to the extent specified in Article SJ. 

DEMIL CODE: D 

DEMILITARIZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable condition. All guided missile launebing systems, mounts and fire 
control systems; sonar domes. transducers and assodated equipment; torpedo tubes. mounts and any 
other weapon systems must be further and totally destroyed by melting. cutting, tearing. scratching, 
crusbing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE (360)476-3510 

LOCATION: SUISUN BAY RESERVE FLEET, BENE CIA, CA 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MliST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR THIS ITEM. 

6. SHIP, FRIGATE, EX-MEYERKORD, FF-IOSS 

BUlL T BY TODD SHIPYARDS, COMPLETED JULy 1966, STEEL HULL WITH 
ALUNnN~SUPERSTRUCTURE,ONEBRONZEPROPELLER 

CHARACTERISTICS 

.............................. 438· 0" 
Beam ................................................. 46' 0" 
Drart ............................ fwd ......................... 10' a'" 

afl .......................... 15' 8" 
Main Engines .•• 1 ••• Westinghouse 
Boilers ••• l ... Babcol &.: Wilcox or Foster-Wheeler 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion or the Government that the hull is in good condition. 

DISPLACEMENT TONS: ESTIMATED 3.011 TONS (BASED ON WATERLINE SURVEY) 

Each bidder must inspect the ship. 

This ship must be scrapped to the extent specified in Article SJ. 

DEMIL CODE: D 

DEWLIT ARIZA nON: Keypoint demilitarization was previously tampleted so as to preclude 
restoration or repair to a usable condition. All guided missile launching systems. mounts and fire 
control systems; sonar domes, transducers and associated equipment; torpedo tubes, gun mounts and 
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any otber 'Weapon systems musl be further and totally destroyed by melting. cutting, tearing, 
scratching, crusbing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE (360}476-3510 

LOCATION: SUISUN BAY RESERVE FLEET, BENECIA, CA 

lEACH 

THE SHIPS ANCHOR AND CHAIN ARE NOT INCLUDED IN SALE. SHORE POWER 
SWITCHBOXES AND THE FLOOD ALARM SYSTEM ARE NOT INCLUDED IN THE SALE. 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBl\fITTED WITH BIDS FOR THIS ITEM. 
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LOT:! 

7. GUIDED MlSSILE CRUISER, EX-HALSEY, CG·23: 

BUILT BY SAN FRANCISCO NAVAL SIDPYARD, COMPLETED JANUARY 1962, 
STEEL HULL" Wlm ALUMlNUM SUPERSTRUCTURE 

CHARACTERISTICS 

Lengtb ............................................... 533' 0" 
Beam . ...........•........................•..••••.•.. ..54' 9" 
Draft ......................... rwd ••••••••••••••••••••• l2' 0" 

mid .•••••••••••••••••••• 15' 6" 
aCt ...................... 19· 0" 

Main Engines ... :! ••• Allis Chalmers 
Boilers ••• 4 ••• Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQU1PME~T IN ALL 
AREAS OF THE SHIP. THE SIDP HAS BEEN SUBJECTED TO PRECIOUS rvlETALS 
RECOVERY. 

It is the opinion of the Government tbat the hull is in good condition. 

Displacement tons: ESTIMATED 5,985 TONS (BASED ON WATERLINE SURVEy) 

Each bidder must inspect the ship. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD mE SHIP: 

1. Shipley Lathe 14" 
2. Buffalo Mod 18 Drill Press 

1. Galley Equipment 

The Main Anchor and chain are not included as part of the ship sale. 

This ship must be scrapped to the eltent specified in Article SJ. 

DEMlL CODE: D 

DEMlLlTARlZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable condition. All guided missile launching systems, mounts and nre 
control systems; sonar domes, transducers and associated equipment; torpedo tubes, ASROC 
launchers and any other weapon systems must be further and totally destroyed by melting. cutting. 
tearing, scratching, crushing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE (360)416-3510 
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LOCATION: SUISUN BAY RESERVE FLEET, BENECIA, CA 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBlMlTTED WITH BIDS FOR THIS ITEM. 

8. GUIDED lMlSSILE CRUISER, EX-LEAHY, CG-16: 

BUILT BY BATH IRON WORKS CORPORATION, COMPLETED JULY 1961, STEEL 
HULL WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

0" 
Beam .......... , ........................... " ............. .54' 9" 
Draft ........................... fwd ....................... ll' 6" 

mid •..•.••.••••••...•••. ]6'0" 
aft ...... " ........ " ......... 20' 0" 

Main Engines ••• l ... General Electric 
Boilers •.• 4 ... BabcoJ: & WilcoJ: 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

II is the opinion of the Government that the hull is in good condition. 

Displacement tons: ESTIMATED 4,650 TONS (BASED ON WATERLINE SURVEY) 

Each bidder must inspect the ship. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE SHIP: 

I. Clausan 17" Lathe 

I. Saturn T-I000 Gas Turbine 

The Main Anchor and chain, J ea. 14500# anchors (01·166·6), 'ea. 13000# anchors (fantail), and 3 
ea. 1600011 anchors (bow) are not included 115 part of the ship slIle. . 

This sbip must be scrapped to the extent specified in Article SJ. 

DEMIL CODE: D 

DEMILITARIZATION: Keypoint demilitarization was previously completed so as to preclude 
restoraUon or repair 10 a usable condition. All guided missile launcbing systems, mounts lind fire 
(ontrol systems; sonar domes. transducers and associated equipment; torpedo tubes. ASROC 
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launchers and any other weapon systems must be further and totally destroyed by melting, cutting, 
tearing, scratching, crushing or breaking the item and components. 

CONTACT: PETE GALASSI PHONE (360)476-3510 

LOCATION: SUISUN BAY RESERVE FLEET, BENECIA. CA 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBl\f]TTED WITH BmS FOR THIS ITEM. 

9. GUIDED l\f]SSILE CRUISER, EX-ENGLAND, CG-ll: 

BUlLT BY TODD SWPY ARD CORPORATION, COMPLETED MARCH 1962. STEEL 
HULL WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

Lengtb •.•••••• 11 ••••••••••••••••• , ••••••••••••••••••• 533' 0" 
Beam.IIIlI ••••••••••••••••• ,. •••••••••••••••••••••••••••• 54' 9" 
Draft ........................ fwd ..................... lO· 0" 

mid ..................... 14' 3" 
aft ...................... 18' 6" 

Main Engines •.• 2 ••• Delanl 
Boilers ••• 4 ••• Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING Ai'lD REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the hull is in good condition. 

Displacement tons: ESTIMATED 6,013 TONS (BASED ON WATERLINE 

Each bidder must inspect the ship. 

1'rlAJOR ITEMS OF EQUIPMENT REl'rlAINING ON BOARD THE smp: 

1. Clausing Lathe 1'" X 5' 

O.her Equipment and Material 

I. Miller Welder 
2. Galley Equipment 
3. Saturn T-I000 Gas Turbine 
4. Cissell SOlb Dryers (2 ea) 
5. Forenta Presses (3 ea) 
6. Dynawash Mod PNSWE 

Location 
1-71-3-Q 

1-71-3-Q 
1-91-0-L 
1-10-0-£ 
1-194-0-Q .. .. 
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Tbe Main Anchor and chain, ribbon boards (exterior bridge PIS). and 3 ea. Yokobama 32150 fenders 
(Ol-lSs..O.A) are not included as part of the ship sale. 

Tbis ship must be scrapped to the e:rtent specified in Article SJ. 

DEMIL CODE: D 

DEMILITARIZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable condition. All guided missile launching systems, mounts and fire 
control systems; sonar domes, transducers and associated equipment; torpedo tubes, ASROC 
launchers and any other weapon systems must be further and totally destroyed by melting, cutting, 
tearing. scratcbing, crushing or breaking tbe item and components. 

CONTACT: PETE GALASSI PHONE (360)4'6-3510 

LOCATION: SUISUN BAY RESERVE FLEET, BENECIA, CA 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR THIS ITEM. 

10. GUIDED MISSILE CRUISER, EX-GRIDLEY. CG-2I: 

BUILT BY PUGET SOUND BRIDGE &: DRY DOCK COMPANY, COMPLETED JULY 
1961, STEEL HULL WIm ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 

0" 
Beam ......... ,."' ....... " .............. ",., ....... " ..... "' ............ 54' 9" 
Drart ........................ fwd ..................... 12· 0" 

mid •••• "II ................ 1S' 6" 
art ...... "' ..................... 19· 0" 

Main Delaval 
Boilers ••. 4 ... Combustion Engineering 

THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREA.S OF THE SIDP. THE SIDP HAS BEEN SllBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of the Government that the hull is in good condition. 

Displacement tons: ESTIMATED 4,650 TONS (BASED ON WATERLINE SURVEY) 

Each bidder must inspect tbe sbip. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE smp: 

1. Leblond Regal Mod 13C Lathe 
Location 
1-71-J-Q 
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2. Bridgeport Mod 12 Brl Mill Math 
3. Dale Arbor Press 
4. Buffalo Mod 18 Drill Press 
S. Benthgrinder 10" 

Other Equipment and Material 

1. Miller Welder 
2. Galley Equipment 
3. Saturn T-JOOO Gas Turbine 
4. Cissell SOlb Dryers (2 ea) 
S. Forenta Presses (3 ea) 
6. Dynawash Mod PNSWE 

.. 

.. 

1-72-3-Q 
1-92-0-L 
1-20-0-E 
1-194-0-Q 

.. 
The Main Anchor and chain, ribbon boards (exterior bridge PIS), Sea. 13000# anchors (fantail). and 
2 ea. 20000N anchors (fantail) are not included as part or the ship sale. 

This ship must be scrapped to tbe extent specified in Ardcle SJ. 

DEMILITARIZATION: Keypoint demilitarizatioD was previously completed 50 as to preclude 
restoration or repair to a usable condUion. All guided missile launching systems, mounts and nre 
control systems; sonar domes, transducers and associated equipment; torpedo tubes, ASROC 
launchers and any other weapon systems must be further and totally destroyed by melting, cutting, 
tearing. scratching, crushing or brealdng tbe Item and components. 

DEM'lL CODE: D 

CONTACT: PETE GALASSI PHONE (360)416·3SI0 

LOCATION: SUISUN BAY RESERVE BENECIA,CA 

lEACH 

END USE CERTlFICA TE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUB~nTTED WITH BIDS FOR THIS ITEM. 

It. GUIDED MISSILE CRUISER, EX-REEVES, CG-24: 

BUlL T BY PUGET SOUND NA V AL SHIPYARD, COMPLETED MAY 1962, STEEL 
HUl.L WITH ALmnNUM SUPERSTRUCTURE 

CHARACTERISTICS 

0" 
9" 

Drart ......................... (wd ...................... l4' %" 
art .............. , ....... 16' 9" 

Main Engines ... 2 ... Geared Turbines, Allis Chalmers 
Boilers ... 4 ... Foster Wheeler 
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THERE HAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SIDP. THE SIDP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is tbe opinion of the Government that the hull is in fair condition. 

Displacement tons: ESTIMATED 5.611 TONS (BASED ON WATERLINE SURVEY) 

Each bidder must inspect tbe sbip. 

MAJOR ITEMS OF EQUIPMENT REMAINING ON BOARD THE SmP: 

Industrial Plant Equipment 
1. Hydraulic Press 
1. Milling Mach 
3. Grinder 

1. (4) Steam Presses 
Z. (Z) Washers 
3. (3) Dryers 

The Main Anchor and chain, fire and nooding alarm system. fenders, chains. wire and mooring lines 
are not included as part of the ship sale. 

This ship must be scrapped to the eltent specified in Article SJ. 

DEMlL CODE: D 

DE~nLlTARIZATION: Keypoint demilitarization was pre\·jously completed so as to preclude 
restoration or repair to a usable condition. All missile launching systems, mounts and fire 
control systems; sonar domes, transducers and associated equipment; torpedo tubes, ASROC 
launchers and any other weapon systems must be further and totally destroyed cutting. 
tearing, scratching, crushing or breaking the item and components. 

CONTACT: WALT LEONARD, PHONE (808)471-4S21 

LOCATION: NlSMF PEARL HARBOR, WAIPAHU, m 96797·3272 

lEACH 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR THIS ITEM. 

11. GUlDED MISSILE CRUISER, EX-WORDEN, CG-18: 

BUILT BY BATH IRON WORKS CORPORATION, COMPLETED J1JNE 1962, STEEL 
HULL WITH ALUMINUM SUPERSTRUCTURE 

CHARACTERISTICS 
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0" 
Beam •••..•••• " ••••••.• illiII ............................... "' •• .54· 9" 
Drart •••.• , .................... fwd ....................... l4' 9" 

.It ••• ''' ........... ,, •• ,, ••••• 16· 5" 
Main Engines ••• 2 ... Geared Turbines, General Electric 
Boilers ••• 4 ••• Babcol and Wilcox 

THERE lIAS BEEN EXTENSIVE STRIPPING AND REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHlP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS METALS 
RECOVERY. 

It is the opinion of tbe Government tbat tbe bull is in fair condition. 

Displacement tons: ESTIMATED 5,267 TONS (BASED ON WATERLINE SURVEy) 

Each bidder must inspect tbe ship. 

MAJOR ITEMS OF EQUIPMENT REl'rWNING ON BOARD THE SIDP: 

Industrial Plant Equipment 
r. (2) Welding Machines 
2. (1) Lathe 
3. (1) Drill Press 
4. Vices 

r. Steam Presses 
2. (3) Washers 
3. (2) 

The Main Anchor and chain, fire and nooding alarm system, fenders, chains, wire and mooring lines 
are not included as part of tbe ship sale. 

This ship must be scrapped to the extent specified in Article SJ. 

DEMIL CODE: D 

DEMILITARIZATION: Keypoint demilitarization was previously completed so as to preclude 
restoration or repair to a usable condition. All guided missile launching systems, mounts and fire 
control systems; sonar domes, transducers and associated equipment; torpedo CUbes, ASROC 
launchers and any other weapon systems must be further and totally destroyed by melting, cutting, 
tearing, scratching, crus bing or breaking tbe item and components. 

CONTACT: WALT LEONARD, PHONE (808)471-4521 

LOCATION: NISMF PEARL HARBOR, WAIPAHU, HI 96797·3272 

lEACH 
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END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR THIS ITEM. 

INDIVIDUAL ITEM 

13. AIRCRAFT, CARRIER. EX·ORlSKANY, CV A-34: 

BUILT BY NEW YORK NAVY YARD, COMPLETED OCTOBER 1945. STEEL BULL 

CHARACTERISTICS 

Length Overall •• 111 ................................... 91 0' 7" 

Lengtb between perpendic:ulars ............... 820' 0" 
Frame Spaeing .•••.•••.•••.••• "' .••••.•.••••••.••••••• 4' 0" 
Projection FWD of FWD Perpendiculars ..... 50· 8" 
Projection AFT of AFT Perpendiculars ....... 40' I" 
Breadeb Extreme Flight Deck .................. 1513· 0" 
Breadth, molded, Main Deck (Mid·Perp) .... 160' 7" 
Breadtb Extreme Main Deck (Fr. 115,150) •• 142' 9" 
Depth, Molded, Main Deck ....................... 54' 8" 
Depth. Molded, Forecastle Deck ................. 63· I" 
Draft Forward .•••.•••..•••••••••••....••••.....•.••• 11' 3" 
Draft Aft .............................................. :26' J" 
Heigbt (highest point on 0" 
Length. Vertical Keel ............................. 664' 0" 
Length, Beam 

THERE HAS BEEN EXTENSIVE STRIPPING A.l\lD REMOVAL OF EQUIPMENT IN ALL 
AREAS OF THE SHIP. THE SHIP HAS BEEN SUBJECTED TO PRECIOUS l\-IETALS 
RECOVERY. 

It is tbe opinion or the Government that the hull is in rair condition. 

Displacement tons: ESTIMATED 31.850 TONS (BASED ON WATERLINE SURVEy) 

Each bidder must inspect the ship. 

MAJOR ITEMS OF EQUIPMENT REl\IAL .... ING ON BOARD THE SIUP: 

.. ea. Turbines, Main Propulsion, higb pressure, Westinghouse 

.. ea. Turbines, Main Propulsion, low pressure. Westinghouse 

.. ea. Gear, Reduction, Main Propulsion. Weulngbouse 

.. ea. Propellers/Sharts. Main Propulsion 
8 ea. Boilers. BabcOI: and Wilcol 
16 ea. Blower, Force draft 
4 ell. Condensers. main 
:2 ea. Dealreating tank 
.. ea. Condenser, auxiliary 
3 ea. Generator, Ship service. 1700 KW AlC 
5 ea. Pump, Condensate 
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3 ea. Pump. Circulating 
7 ea. Pump, Fire and Flushing 
5 ea. Pump, Main Feed. Steam 
4 ea. Pump, Main Fuel 
4 ea. Pump, Main Fuel Oil Boster I Sleam 
4 ea. Pump, Lube Oil, Steam 
2, ea. Pump. Saltwater, Electric 
3 ea. Pump, Brine 
1 ea. Pump, Condensate 
1 ea. Pump, Distillate 
2 ea. Pump, Sleering Gear. Hydraulic 
2, ea. .Evaporator, Plant, Triple Efrect 
1 ea. Evaporator, Plant 
5 ea. Compressor, Air Electric 
2 ea. Generator, Emergency, 850 KW AC, Fairbanks Morse 

Hanger Deck: 

8 ea. Winches. Electric 
1 ea. Antenna, Pedestal 

Numerous LiCe Vest Racks. 

Ammunition Maaazine: 

4 ea. Compasses, Repeaters 

Various Electric motors, search lights, work 
cable and electrical boxes. 

running lights, Oorescent area lights, electrical 

1 ea. Paper Drill 
1 ea. Paper Cutter 
3 ea. Printers 

I ea. Drill Press 
1 ea. Hack Sa'" 

Machine Shop: 

1 ea. Drill Press 
1 ea. Mill 
1 ea. Grinding Wheel 
2, ea. Lathers 

This ship must be scrapped to the extent specified in Article SJ. 

DEMIL CODE: D 

CONTACT: PETE GALASSI PHONE (360)476·3510 
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LOCATION::MARE ISLAND NAVAL SHIPYARD, VALLEJO. CA 

lEACH 

mERE ARE TANKS OF BALLAST WATER ON BOARD mAT CONTAIN REGULATED 
AMOUNTS OF SODIUM CHROMATE. PURCHASER IS CAUTIONED mAT IT IS SOLELY 
RESPONSIBLE TO ASCERTAIN mE EXTENT TO WHICH FEDERAL ENVIRONMENTAL 
LAWS AND OTHER STATE AND LOCAL STATIJES AND REGULATIONS MAY AFFECT IT 
AND COMPLY THEREWlm. 

STRIPPING: CUT AND REMOVE THE smps NAME FROM THE STERN OF THE SHIP. 
CUT AT LEAST SIX (6) INCHES AROUND THE RAISED LETTERING. CONTACT THE 
FOLLOWING FOR PICKUP: 

NATIONAL MUSEUM NAVAL A VlAll0N 
ROBERT MACON. DIRECTOR 
liSO RADFORD BLVD. SUITE C 
PENSACOLA, FL 325084502 
TEL: 850-452·3604, Xl19 

DECLASSIFICATION: Declassification was previously completed. However, unclassified 
documents labeled "For Omcial Use Only", primarily located in the Supply Department Office. 
Compartment B-201-2·L, must be removed Ind destroyed as a condition or sale. 

DEMILITARIZATION: See enclosure to, Demilitarization Certification, to tbe prlHlisposal 
documentation provided at the time of inspection. The following items require demilitarization as 
specified in enclosure 10: 

Catapult Cylinders 
Covers 

Sonar Transducers 
Aircraft Carrier Catapults 

, Arresting Gear 

Keypoint demilitarization was previously completed so as to preclude restoration or repair 
to a usable condition. All gun mounts and any other weapon must be rurther and totally 
destroyed melting, cutting, tearing. scratching, crushing or breaking the item and components. 
Additionally, catapults and arresting gear equipment must be remo\'ed and demilitarized in 
accordance wUb NAVSEA LIt 4710 ser 335D/1391 of 18 JuI9S, a copy ofwhicb is included in tbe 
prlHlisposal documentation provided during the mandatory ship inspection prior (0 submission of 
proposals. 

CONDITION OF SALE REMOVALS: As a· condition of sale, the purchaser is required to remove 
(without further demilitarization) tbe SPS.30 Radar Antenna and tbe SPS~37143 Radar Antenna 
Pedestal and large round reflector, stowed In tbe haDger bay, and make it available for pickup by the 
Aircraft Carrier Hornet Foundation (ACHF). ACHF point of contact is Pete Clayton, (619)461-
9579. 

END USE CERTIFICATE AND STATEMENT OF INTENT APPLIES AND MUST BE 
COMPLETED AND SUBMITTED WITH BIDS FOR mls ITEM. 
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A. ENVIRONMENTAL AND 
AND CONDmONS: 

INFORMKflON INSTRUCTIONS AND TERMS 

Bidders are that they. not are reSIPon.SI 
property information necessary to all standards required of a ship owner regarding 
location, quantity, and content of asbestos on the shipes) under 29 

information available to it regarding hazardous 
property on the shipes) offered under IFB. However. it is the bidder's responsibility to 
ensure that the standards cited above, a9 well as any other Federal, or locallaws or 
regulations pertaining to are complied with. 

n ..... <:: .... \ton 

load 

SODIDM CHROMATE: All prior to 1990 for stabiHty 
was inactivation have been for sodium 

concentrations. The Dre:-OSS'D()Sal documentation included these and identified 
any water that concentrations 

(A) 

type contain paint 
ships, all must be .. ;:,::"" .... , .... 

""., ... ,; .. aSibesitos in the 
insulation 

bulkhead fire shield 

some 
brake 
floor tiles and deck underlay 
steam, water and vent flange .,."."" ..... 
flexitalic gasketS 
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(B) access door(s) to containing asbestos insulation have 
,,,,11,1''''.''' that is the is a 
condition. The pre-disposal documentation includes a Asbestos Survey Report 
compartment listing which is at time of inspection. The listing does 
not represent or characterize total quantity of asbestos containing materials (ACM) 
thf'll"1l1crhn'l\t the Bidders are cautioned that ACM also be non-
asbestos containing material. The compartment listing provides notification that ACM is "' .... 'e"'." 
and whether it is in a friable or non-friable condition. Asbestos is a major health hazard as it 
enters the as fibers or dust through operations such as ripout and removal. Compliance with 
OSHA (29 CFR. Part 1910), EPA (40 CFR, Part 61.02) and other agencies' regulatioD,S is 
required to ensure worker safety and proper disposal of asbestos containing materials. Access to 
the area shall be to requires their presence. Posted l'Icl'l,l"ctn 

warning signs are not to substitute for danger required during asbestos 
.......... rI'''.t'nft work. THE GOVERNMENT EXPRESSLY DOES NOT WARRANTOR 

TIlAT COMPARTMENTS NOT POSTED WITH ASBESTOS W ArJ'!'lNG 
CONTAIN ru.u ..... "" 

rr:"IC"'U, State, 
own inspection determining the method and extent 

and EXPLICmy 
TIlE ITEMS IDENTIFIED IN 
WHICH CONTAIN ASBESTOS 

ASBESTOS SURVEY REPORT ARE TIlE ONLY 
REGULATED 

of potentially 
at the time of 

and 

cable and non-metallic components cable; 
light baUast starters and potting; 

Bulkhead and insulation; 
..... , ...... ,.vu used on hull surfaces and cold water piping; 

rubber blocks, snubbers, bumpers, shock 
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pads, spools, hatch a-rings, packing 
Adhesive tapes and double-backed adhesive tapes; 
Aluminized 
Any gloss oil-based any 

All regulated PCB must be removed and disposed of in accordance with applicable 
federal, State, and local regulations. 
TIrE GOVERNMENT NOT WARRANT THAT TIrE PCB 
IDENTIFIED IN mE SURVEY ARE TIm aNt y REGULATED PCB ITEMS ON 
BOARD. NOR THAT mE SURVEY REPORT IS REPRESENTATIVE OF mE QUANTITY 
OF PCB CONCENTRATIONS IN ALL LOCATIONS OR MATERIALS ON BOARD. 

identifying, handling, and 01s'posm2 of all items 
regulated under Federal, State, and 

accordance with Federal, and regulations . 
.............. 1> Part 7, Article R. and Invitation 

OCCUPATIONAL AND REALTII ADMINISTRATION (OSHA) REGULATIONS: 
At a minimum, dismantling and must in accordance with OSHA at 29 

Parts 1910 and 1915, ShiIPbrc::aking. 

applicable Federal, etc., to 
safety and the environment during the """IJV"" of material purchased from the 
npn!llT1'mpnt of Defense contract. 

or cornoc:ments 
Invitation for 

ronmelrnal statutes, Protection 
laws and regulations are required 

'''''''''''~.'''' is ... , .. '.''''\1 ..... 1'1 it is to the extent to which 
Federal environmental laws and State and local statutes and may effect it 
comply therewith. 

Ha:zardolJS Waste 
~_"". ___ . 33063-33285, 19, 

on reR:ulaUm'ls detail the 
responsibilities of generators, treaters. storers, ""'l\'~""" of hazardous waste, 

are available for nOT1COlrtlpllaJ1ICe, While the material under 
regulations in its prescot form. subsequcot actions 

to cause a hazardous waste to come into are 
cautioned that he is solely responsible te ascertain the extent to these regulations effect it 
and comply therewith. 
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B. TERMS & CONDITIONS OF 

IN ADDmON TO mE TIiE FOLLOWING IS ALSO INCORPORATED AS PART 
OF 

The following General Information and Instructions and Special Conditions of Sale contained in 
Del!emse Reutilization and Marketing pampblet entitled "Sale by Reference -
Instructions, Terms and Applicable to Department of Defense Personal Property 
Offered for Sale by Defense Reutilization and Marketing Service, March 1994", are hereby 

l"Pfi!"1"Plr1l"f" and a part lFB and any contract: 

Part 1: General Information and Instructions (DRMS Form 81, Oct 93). 

Part 2: (Standard Form 1 14C. Jun 86 . and 
DRMS Form 84, Oct COlrlClUtlon.s. except Condition No.s 4, 7,9, 

3: Sealed Bid (Standard Form 114C-l, Jan 70 . and DRMS 
Form 99, Oct 93), AU Conditions except Condition A, and Condition E applies to 
predetermined lots only. Condition E does not apply to individual line items in this IFB. 

s: (DRMS 

6: ............... U\JUA. 

(DRMS Form 

Article Demilitarization or Mutilation on Other 

Article D: Change in Contract Requirements 
E: Qualification of Bidders 

Article Subcontracts 
Article 
Article 

86, 93) as 

Government 

Pan 7: Additional ..... ,,, .......... CiriCUD\stance nT'lC'IHIC'IT'lS.Hl'l"lll"C1nUIt and Dangerous Property 
(DRMS Form 98, 93) as follows: 
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Anicle Dangerous Property 
F: Compressed Gas Cylinders 

·Article J: Respiratory Protection Program 
·Article L: 

wv .. _~.".~, Marking and Disposal of Asbestos 
Housekeeping and 

Procedure 
• Anicle 0: Protective Clothing 
Miele R: Disposition and Use of Hazardous Property 

Government's Right of Surveillance 
Record Maintenance 
Radioactive Material 

• REVISIONS TO THESE ARTICLES IN TmS IFB 

THE FOLLOWING DRMS smp SALE ARTICLES (Not Part of Sale By Reference) 
ALSO APPLY AND CONSTITUTE TERMS AND CONDITIONS OF SALE: 

Reporting Articles 

Article 
Article 55: Incident Reporting 

Environmental Articles 

Payments, Defaults and Penalty Articles 

Article 
Article 

Demilitarization 

Progress 

Article Default (Failure to Payor Remove Ship(s) Within 
by the Contract 

5M: 

Operational Articles 
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Other Articles 

31·8018 

Scrap 
ContractP~onnance 
Removal 

Article SA: Title 
Article of Loss 
Article SM; Government Right of Inspection Surveillance 
Article Prohibition on Use of Ship 
Article Termination for the Convenience Government 
Article SV: Stop Work Order 
Article SW: Contract Award 
Article Performance Bond 
Article SY: Classified Material 
Article 
Article 
Article 

Severability 
Equal Opportunity 
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Reporting Articles 

ARTICLE SN: RECORDS, PROGRESS SCHEDULE, AND PROGRESS REPORT. 

(A) Purchaser agrees to maintain all records detailing contract expewes and revenue, and other 
documents used to the contract and make such documents to the Government for 

and audit purposes. The Purchaser must further maintain such for a of!Wo years 
after contract or for such a time as the Purchaser. for its own retains such 

and other whichever is longer. The Purchaser agrees to to the Sales 
Officer (SeO) a report performance which has been accomplished to 

date of the report. The report shall be submitted by the calendar day of the qlonth and shall include 
the following Int<mnatlo·n: 

(1) progress report including status ofbazardous material 
abatement and UU,PIJ·~lll. aPtlro)(imrate metals and removed and ,,"rn1"l'-0 

l'le:nnlV the 

( 4) Notification of any agency inspection conducted, of any Notices of Violations, 
or notices received from the rpI'I,nrtlftO 

..... -t ..... ,.,..,~nt' .. of this contrac!. 
state, or local administrative or 

Advance notice of commencement 
agency by Purchaser or any of its subcontractors. 

The tim progress report shall be submitted to the seo within 30 calendar 
The Purchaser will indude in the progress report the Purchaser's 

noted or asked in writing by the SCO. 

(B) Upon of each "or" .. """ a fmal 
listed above as well as the additional reCIUIl'emienlts: 

(1) Total dlSI1t1a.ntlmg 
(2) Total abatement labor hours; 

DlliDO,Sal costs wastestream; 
(4) Quantiry of wastes of wastestteam; 

after removal of 
to comply with the 

to include the 

(5) of scrap recovered for resale to but not limited to, ferrous, non-ferrous, and 

The fmal report shall be submitted to the seo within thirty calendar cornuletlc)n of each 

(c) If the Purchaser's progress or reports from the SCO's Representative indicate the Purchaser is 
behind the may require the to take such immedjate steps as may be 

necessary to Purchaser's progress and to submit for the SCO's approval such supplemental 
schedule as may be deemed necessary to demonstrate the manner in which the rate will 
be additional COSt 10 the of the to comply with the 
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IUU'Umll> for detenninanon the SCO that the Purchaser is nOI 
prosecuting the with as insure the cornplehcln of the obligations to the 
Government under the terms and conditions in the contract. the SCO 
may. upon at least IS calendat days written calculated from 
accordance with Article SO, of the contract terms and conditions. 

The Purchaser must provide written notification to the SCO within 24 hours of any incident III yun ..... 

"lj!",U'.~ to spills, rues. damage to property or barm to the environment or any other 
significant incidents which may arise from other performance under this contract. 

one week of receipt, provide of any of violation, 
", •• ,.tt",.., or other documentation to Federal, State, or local or leeal 
against the Purchaser regarding actions arising under or relating to 

Safety and OccupatioDal Health Articles 

~HE FOLLOWING SALE "BY REFERENCE PAR~ 7 ARTICLES HAVE BEEN b""VlSED. 
~HESE AR~ICLES THE ARTICLES m THE SBR.. 

PART 7, ARTICLE J: 

Respiratory Protection Program. 

personal that full protection 
in accordance with 29 CFR 1910.1001,29 CFR 1915.1001 OSHA Standards for 

Shll[)V81rd cmploymeltlt and 29 1926 OSHA Standards for engaged in the 
or equipment covered or insulated with well 

mUluaSJ and in the removal or demolition of asbestos insulation or 
reSI)irators as in 29 CfR 1915.1001. Asbestos shan be 

bulk air """'luun",,, 

PART 7, ARTICLE L: 

Asbestos. 

Purchasers are warned that untlrotll!ctf~d exposure to asbestos fibers will increase the risk of 
four disease: cancers, mesothelioma and asbestosis. Care 

must be taken to avoid asbestos fibers into the so that 
my be inhaled or The and Health Administration at 29 CFR 1910.100 1. 29 
CFR 1915.1001 Standards Shipyard Employment and 29 CFR 1926 OSHA Standards for ConstrUction, 
and 53 FR 35610 14. Sets standards for exposure to airborne concentrations 
of asbestos and other measures that must be 
taken when or in proximity to, in the its territories 
Purchaser certifies that it will. as a comply with the provisions of29 CPR 1910.100 I, 
1915.1001. and S3 FR 35610. September 14, in particular. 29 CPR 1915.100I(c} Permissible 
exposure limits 29 CPR 1915.1001(0 assessments and 29 CPR 
1915.1001(h) Respirator fittesting; 29 CPR 1915.1001 
29 CFR 1915.1001(k) communication and 29 CFR 1915.1001(1) Demolition or 
strUctures, ships, and ship sections where asbestos is present in their entirety. 

PART 7, ARTICLE M: 

Packaging, Marking, and Disposal of Asbesfos. 
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Asbestos waste, scrap, equipment and IsC!estli)s·c:on'Wl1un3.ted C:I0IUUlllg 

for which may produce airborne concentrations of asbestos fibers, shall be conected 
UIZ>tf,lUZ>';U ofin leak-proof, as in 29 CFR 1915.1001 OSHA 

l)tarloar,os for Employment, 29 CFR 1926 OSHA Standards for 29 CFR 1910.1001, 
53 FR 35610, September 14, 1988, and 40 CFR 61.20 et.seq. Prior 10 in bags. asbestos wastes shall 
be wet down to reduce airborne concentrations. It is essential that the waste asbestos rbaterial, whether in 

or be disposed oCby burial as specified in 40 CFR, Part 260 and 4Q CFR 61.149. 
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PART I, ARTICLE H: 

Asbestos Dust Control, and Housekeeping and Cleanup Procedures. 

All extemal surfaces where work shall be pertorrned must be maintained free 
asbestos fibers to prevent further dispersion. Meticulous attention must be given to restricting the spread of 
asbestos dust and all larger forms of waste. To the extent required by 29 CFR 1915.1001 OSHA StandaIds 
for 29 CfR. 1926 OSHA for Construction. 29 CFR 1910.1001, and S3 
FR 35610, September 14, 1988, an impermeable dropc1oth under work areas, and other enclosures 
des.Jglled to contain the asbestos dust and debris shall be used to keep asbestos from being distributed over 
the area. To the extent by 29 CFR 1915.1001. 1926 and 1910.100) and 53 FR 35610, 
September 14, 1988, appropriate asbestos hazard warning shall remain posted until the site is 
cornplete and the soil, water and atmosphere are tested and found safe. The 
cleanup crew should be under the direction and supervision of the Purcbaser to ensure that proper cleanup 
is performed when asbestos dustlwaste is present. All personnel engaged in up asbestos scrap 
waste shall be with the appropriate respiratory and protective in 29 CFR 

1910.1001, 1926 and FR 14, 1988. 

PART 7, ARTICLE 0: 

Protedive Clothing. 

their employees to wear and other that will 
cover the entire and feet when are to airborne concentrations of asbestos 
fibers well as all other and health as specified in the 29 CFR 1915.1001 
OSHA Standard for Shipyard Employment. 29 CFR 1926 OSHA Standards for Construction, and 
1910.1001 53 FR 356 14, 1988. 

Environmental A.rticles 

ARTICLE S8: 

whether or no~ identified in the 
... ,!; ..... " .. UUl.:>. the Purchaser is cautioned thai it is solely 

"IU"ilUUII::' affect it and therewith. as a 
or must be manifested with a an EPA 

Identification Number. Purchaser must all to each hazardous 
waste removal. of the 

ARTICLE SE: GENERA TOR 

As a condition of the described the Purchaser expressly a) its duty to 
en!"!'lnlv with the Toxic Substance Control Act. 15 U.S.C. S 2061 et seq., and the implementing regulations 
at 40 CFR Pan 761; and agrees that it will perfonn all including those of the generator 
or PCB waste for any PCB item removed from the In accordance with 40 CFR Pan 761, the 
Purchaser expressly agrees that it will an EPA Identification Number, arrange for all regulated 
wastes to be transponed to an storagcldisposal facility, prepare, and return all req1uisite 

of all manifests for the PCB items removed flam the and perform all communication and 
record-keeping tasks required 40 CFR Pan 76) as the generator of PCB waste. Purchaser eXI)re!lsly 
aclc:no'wle:d2!~S its duty to with the Resource Conservation and Recovery 42 
and the Federal and State regulations, expressly acknowledging 

690 et seq" 
it will 

perform all duties required of the generator of hazardous waste. 
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ARTICLE SG: STATE REGULA TED HAZARDOUS WASTE. 

con:1ponents rermainiIlg on board or not in the 
may be regulated in the Slate where the ship will be berthed during contract 

Purchaser is for the extent to which said State "'!5UliOUYII:> 

effect it and 

ARTICLE SIC.: HAZARDOUS PROPERTY DlSCLA.flvfERlINDEMNIFlCA TION. 

As previously the Government cautions that the items sold under this contract, or material or 
substances, or component, pan, or ingredient therein may contain corrosive, or 
lII!.u,mlU'" ""~U"U"""'''''. or exhibit other hazardous or toxic-properties. nle Government assumes no Ii!lt,ililtv 

for any to the of the any person or property, or fOf the ftl"l'<::nna1 Illllur:IC:::O. 

disabilities or death to the Purchaser, Purchaser's employees Ol' any other person subject to the 
Purchaser's control or any other person members of the public, from or incident 
10 the use, disposition, or any subsequent operation 
performed upon, exposure to, or contact with any component, constituent or or this or 
substance or material whether intentional or The Purchaser agrees to hold hamlless and 
il"lti, .. mJ1Itv the Government for any and aU costs and expenses incurred incident to any 

. debt, costs, and fees or any other for moneys or any other type 
from or incident to the use, processing, disposition, 

lInt)~;>/lUent "· ....... ,,ti .. '" nl!rfOlrml!d upon, exposure to or contact with any constituent or 
mlilil:UiU, or whether intentional or accidental. 

ARTICLE SL: PERMITS. 

The Purchaser shan be responsible for oblaining any necessary licenses and and for .-".TI"II\, .. ,o 

with all and 10clIllaws and in cOMection with the performance under the 
licenses and notifications to 

RCM and TSCA. This reSJPonsl!>lll1l:y 
ore,·awara evaluation of the Purchaser's 

to the contract It will also be a the SCQ 
the Purchaser's performance of the sales contract the a 

copy of all necessary and notifications for performance of tbis contract as cited 
in this article or to removal from Government control. The Purchaser must 
" ...... vul .. a copy of a lease for the to not own the 
facility where 

SQ: SCOPE OF WQRK. 1""""""'.;1 

The COntract which results from the sale includes the of all fees, 
eq~llpl:nel1[ and facilities necessary to with the terms and conditions of the contract, 

but not limited to, the and removal of all asbestos so as to render it 
nonfriable if human exposure exceeds the limits in 29 CFR 1910.1001 

OF TSDFsAND 

(A) The purchaser shall use the and disposal facilities 
(TSDFs) the Qualified Facilities List and These lists are located on the 
World Wide Web at either http://www.drms.dla.mil or http://www.drms.dla.millenviromnentall 
environ.hun!. Purchasers who do not have access to the World Wide Web may request a copy of the above 
lists from the SCQ. (C)(I) (2) of this Article for on how the Plu· .. h.," .... 

tralllsporter be added to the lists. 
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DRMS has reviewed these and Transporters in the past and has no reason to believe that they 
do not meet the standards Article. of TSDFs on the List 
not constitute a determination oCthe of these TSDFs and of 
this solicitation and any resultant contract or relieve the Purchaser of any responsibility performing the 
contract from this solicitation. It is the purchaser's responsibility to ensure that it can all 
'Work required the IFB with the rums listed under Article ST and to propose additional under 
Article ST, subparagraphs to perform the work required if the TSDFs or Transporters listed in 
Article ST cannot meet the requirements. It does not imply consent by the Government to any 
let by the purchaser in the of the contract resulting from this solilcltltiOn. 

(C) during the of the contract, the requests approval ofadditional TSDFs or 
the Government must be allowed a reasonable amount of rime to evaluate such The Purchaser is 
not relieved ofrus to remove and of all hazardous ".".".".lrl·" m'7",-nn. 
materials and waste within tirneframes during the period the Government is 
evaluating the for additional TSDF(s) or transporters. 

(I) The Purchaser shall provide the foUowing information for RCRA permittee! 
mciludlng, but not limited to: complete address, telephone number, a copy 
excerpt to include the cover waste streams and treatment methods, closure funding, EPA 
Ide:nttZlcaltlOn number. and ofc:ontact. The TSDF EPA number 
will be utilized to the on the DRMS Qualified list. 

The Purchaser sball provide the for each nUll"l'.'-1'.,f'\ 

but not limited to: cotnplete au",,,,,,,,,. '"''''1:''''''''' "'U"''''''', a copy of the 
,.._ •• _, •. " waste streams and treatment methods, closure funding regulated or permit 

reQ,uirjemlmt) a federallstalellocal point of contact. If there is no or 
for closure funding. comparable fmancial assurance coverage must be 

nrrlvull"t1 A DRMS-created number will be for Don-RCRA for 
administration purposes. 

the of this contract. the iov!'mm!'nr may 1115a])l=>f01/e or a 
... ",tt'"" .. 1"1 TSDF if any of the folJlow'ml!: 

, (1) The TSDF is e"rrl'"nr,v dosed. 

(exhibiting RCRA Class I violations for 
or fmandal and bas not entered 

into a cornplianl:e schedule or similar acrion. 

(3) The has been cited via an administrative or judicial 
n()t entered into iii schedule or similar action within 180 
J-------- action was issued. 

the 

(4) The TSDF has exhibited a noncompliance (including. but not limited to ReM 
class 1 and II OSHA VIOlatljilns, State and local violations and DoT or 

I'n ...... l'lt' ..... the violations. A "good faith" effort would be 
a consent agreement or similar document with appropriate 

regulatory authorities, and performing in compliance with the consent agreement or similar 
document for at least six months. Repeated violations may be considered as a lack of "good 
faith". 

(5) The TSDF bas been identified as having groundwater contamination or is not acceptable 
under the State's groundwater policy. 
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(6) The is not pertmltted to andlor is not capable of handling the property proposicd. 

(7) The received a recommendation as a result of a DRM'S inspection visit 
during the preceding 12 months without substantive evidence of corrected deficiencies. 

(8) The TSDF stores/treats the waste, then ships out the regulated ha7'ardiruu: waste to a 
not approved by DRM'S. 

(9) The is nol sufficient to the Government's long tenn interests. 

(10) A facility is unable to track properly from entry to exit. 

At any time the period of this contract, the Government may disapprove a "'Tf'lnn~ .. n """""'"n.,,' .... 
or a previously approved of the apply: 

(1) The does not have the appropriate FederalJSUtellocal pennits to transport 
"UI,l'Ipr'IV under this contract or nortbazardous). 

(2) The has exhibited a bistory RCRA, 
and State and local regulations 0(\\;""".,,;1'10 na.z;aroous materials hauling and motor 

(3) The transporter has been cited via administrative order or judicial action and bas not entered 
into a or similar action within 180 from the time the order or 
action was 

(4) The transponer has not provided docwnentation of at least a "Satisfactory" 
Uf'narnn,erlt of (DoT) Office of Motor Carriers (OMe) or California nnH.",vav 

Patrol. 

The Purchaser will not add a fuels blenderlbumeror any residual waste derived from 
fuels [0 any without from the SCO. 

(0) Since or TSDFs may be at any time without noltifi(:atioll, Purchasers should 
conftnTI the ftnTI is on TSDF with to any usage unde7 this contract. 

ARTICLE TA: _"',,\,,1 ......... ....,"" OF HAZARDOUS WASTE 

All hazardous waste items collected as a result on this contract must be and 
physically separate from any other items until the initial TSDF is reached, The items must be so 
that are to this contract throughout this period. In the Purchaser must 
ensure that there is a clear audit trail until fmal treatment/disposal is accomplisbed. 

Paymeats, Defaults and Penalty Articles 

ARTICLE SI: STORAGE CHAROESILA TE REMOVAL '-u.,~ .. u; .. .,. 

If the Purchaser fails to remove the in accordance with Artide TC: Removal. or within any 
extension of time which may have been granted by the pursuant to Pan 2.CondirioD No.8, ....,""110;;&,,,. 
Sales Terms and Conditions. SSR Pamphlet, March 1994 (Standard Fonn 114C), the Government shall 
have the following remedies: 
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.. 11,.ro.·~ for moorage, uV\';""!!,"'. or other services at the 

1-12 

per ship including Sundays, and Federal 

PER DAY PER SHIP 
$300.00 per day 

In all instances where storage charges are assessed. payment thereof must be made by the prior 
to removal of the property unless otherwise authorized the Government. Charges for late removal 
not exceed 10 percent afthe contract price of the 

(B) Exercise its rights under Article SP of this Invitation for entitled "Default - Failure to or 
Remove within Time by the Contract." 

ARTICLE SO: DEFAULT IN PERFORMANCE 

In the event the Purchaser fails to the demilitarization and/or stri~ing shipes) in 
accordance with the Purchaser's approved technical plan and the terms and conditions ofthe contract, or 
fails to with and local laws andlor regulations, or fails to the work with 
such diligence as will ensure the completion of the contract, and fails to correct such tieilciencies within the 

of time allowed by notice Article the Government may send the Purchaser a Cure 
Notice the failure to perform and for a period of at least ten (10) calendar in 
which to cure the If the Purchaser bas not the failure noted in cure Dotice by the end of 

..... "' .. m, ......... ' may send the Purchaser a 15 calendar day written notice of default 
If the Purchaser fails to cure the default cited in the notice 

as the SCQ may the may terminate the 
remedies: 

(1) If to be in the best interest of the the Government may ...... """ .. ,'''''' 
repossess some or aU of the removed under the contract for wbich title bas not 

The Purchaser shall lose all and interest which he 
in the removed by the Purchaser and reDOSSI~sse~<1 

Government's the Purchaser shall also lose all 

retain or collect 10 percent of the contract as Ul.j~""'~'";''' UiUlrlag't::I> 

the costs cited above to the indirect cOsts involved in effc:CW12 re~t>o:.se!;SIOln 
the 

(2) because extent demilitarization andlor performed by the 
Purchaser, the seo determines that "ft~·t'f11\1' of the would be 1m"Hl'" 

then the Government shall have the of the Purchaser or its 

46 

NWMAR117811 



31·80J8 

aaamon, under no 

(3) In the fails to comply with or perform any of the terms and 
conditions contract, the SCO may, at assess the ..... • .. I'I·," ... ·llqlllOatlea 
damages in the amount of $1 ,000 per the Purchaser is out 

ARTICLE SP: DEFAULT (FAILURE TO PAY OR REMOVE WITHIN TIME REQUIRED BY 
THE 

If, after contract award, the Purchaser rails to make payment within the time allowed by the contract, or by 
failure to remove the property as required by Article TC: Removal, then the Government may send 
Purchaser a 15 calendar written notice of default (calculated from date and if the Purchaser 
Cails to cure the deCault cited in the default norice within period (or further period as the SCO may 
allow), the Government may, terminate this contract in whole or in part and the Purchaser shall lose aU 
right, tide and interest wbich he might otherwise have acquired in and to such proper!)' awa·~~d under this 
contract, and the Government may exercise such rishts and may pursue such remedies as :tTe provided 
law or under the contract. The Purchaser further aarees that in the event it fails to pay fOl the nrnnerlV 

remove same in accordance with the terms of the contract and within the prescribed 
invl"mmt'!nt at its election and upon notice of default shall be entitled to retain (or __ 11 __ >' as .. ,_ .. ____ _ 

_ ... _". __ a sum equal to 1 ° percent of the price of the item as (0 which the default has 
occurred. When the Government exercises this it sball specifically apprise the in 

norice of default in a separate notice), that upon the of the 
the deCault. 10 percent of the purchase wiIJ be retained collected) 

ARTICLESH: PAYMENT 

""""...,pnT of the contract purcnase for the 10 be is due prior 10 the date of 
removal from Government control. P:I\I'nU'nl is considered late when the is not in the j.1U:,,, ... >"llIII 

of the or the bUStneS;s, 4:30 p.m. Eastern time on the date of 
removal of each from Government control in accordance with Article TC: Removal. When the full 
payment due date on a Federal or other when the the payment is due on 
the business 

All payments, those for storage damages, and 
currency in the form certified traveler's bank money order or 
credit card \'lhen a credit card is used as payment, the credit card the 
name as and the expiration date must be If more man one credit card 
is used. me Purchaser must me exact monetary amount to applied against each credit card. 
Purchasers whose payment is accompanied by a letter of credit, or who have on file an approved bid bond 
(SF 1 SO or SF 1 S may make payments by uncertified personal company checks, but only up to an 
amount 10 the penal sum of their bond or the amount of their letter of credit. 

If, for any reason, a Purchaser's uncenifscd cbeck is 110t honored for the payee's bank 
upon initial for the may, after the Purchaser, require the 
Purchaser to make all future payments by cashier's certified cbeck, traveler's bank 

or mane), order. 

(D) Successful that wish to make payment via credit card for property awarded can do so by 
providing ... "''' .... ~" substAntiaUy as follows: 

SCO TO OBTAIN 
A WARDED ON THIS SALE. 
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Operational Articles 

SJ: SCRAP WARRANT'{. 

The Purchaser agrees, represents, warrants and certifies that: 

(1) sbip(s) will be scrapped by demilitarizing in with the 
demilitarization in the description as applicable and by fmal 
dismandement and mutilation of the hull and superstructure in sucb a manner that no considerable 
pllrt of the ship is left intact or undisturbed to the extent that it can be reconstructed Dr readily 
identified as an existing portion of the original huD or superstructure. 

This will include the removal from the sbip(s) (without replacement) ofall hull, inner bottom, 
bulkhead, deck and deck bouse material, as well as all floors, lODgitudinals, webs, and 
other The term "bull" means the framework of a the keels, together 
with all decks, deck tanks, the inside outside and all bulkhead, exclusive of 
masts, machinery. outfitting and equipment. 

(2) The Purchaser further agrees that the Purchaser or hislher subcontractor will complete the 
required scrapping above in the United States or its territories. The Purchaser further 
agrees that the will not be used or transferred the Purchaser for the purposes of 
scr:appmg as above and approved in the teclmical 

The Purchaser further agrees and certifies that all for lot 1 
will be the Purchaser or his within three calendar years from the time of 

.. ,"n,nv, .. from control of the fIlS! removed in 
accordance with Article Te: Removal. 

(4) The Purchaser further agrees and certifies that all lot 2 7* 12) 
will be the or his designee within three calendar years from the time of 

pOlise:.sicln and removal (rom Government control of the fllSt ship(s) removed in 
accordance with Article TC: Removal. 

The Purchaser further agrees and certifies that aU sctapp1ing onl~r2jtiorl" 
... nlT1nll"'T~·d by the Purchaser or his within three years 
and removal in accordance with Article Removal. 

(6) The Purchaser further agrees and certifies that in the event it bids on and is awarded more 
than one lot or the timeframe for completion of each lot or item will be as specified in 
subparagraphs (4). and (5) of this article. The timeframe for completion of each lot 
item awarded to an Purchaser. will run concurrently for each lot andlor item awarded. 
For If a Purchaser is awarded Lot I and Lot 2 and removes the fllSt from Lot 1 on 
March IS, 1998, and removes the fllSt ships from Lot 2 on April IS, 1998, the completion date for 
Lot 1 is March 2001 and the completion date for Lot 2 is April IS, 2001. 

(7) The Purchaser further agrees and certifies upon of the scmpping opemtion. the 
Purchaser will furnish to the a certificate to the effect that all scmpping by this has 
been and all Federal, State, and local laws and regulations have been complied with. 
The seo or his successor may extend the above dates of scrapping operations when 
determined, in writing. that the delay in completion is due to causes beyond the control and 
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without the fault or .... 1.1'15, ..... ' ... 

interest of the 
"Url'l1l1!:l'r or when denmnined it is in the best 

PERFORMANCE, 

Purchaser understands and agrees to submit a written request for contract modification to the SCO prior to 
effecting any from that on its Statement of Inlent, Technical Proposal, End-Use Cel!1ifiicate, 
andlor Sale of Government Property-Item Bid Sealed Bid, wbelber before or after the 
release of the The Purchaser further agrees not to effect such the: 
written approval of the The reserves the right to visit the or 
subcontractor for the actual scrapping of the ship during the performance of the contract, The 
Gover.unent also reserves the to meet with the Purchaser periodically to hold progress reviews for the 
purpose the status and to monitor compliance with and environmental laws 
and The Purchaser shan diligently with perfonnance contract, fmal 
resolution for appeal, or or relating to the contract, and 

with any decision of the SCO regarding same. 

ARTICLE TC: REMOVAL 

(A) will make the initial removal as IOIJIOV.rS: 

Lot 1: Two 60 calendar days after contract 
Lot 2: Two within 60 calendar days after contract and 
Item 13: Within 60 calendar after contract award. 

removals shall be in accordance with the pWrcb,ilSe1rs III'mr,l"IVl'd technical plan, 

(B) The shall request authorization from the SCO to remove additional ships from each lot. 
Prior to release next the shall evaluate the Purchaser'S to determine 

with the terms and conditions of the contract and State and This 
shall also include an evaluation of the and schedule in the Purchaser's Approved 
Technical Plan. The last two in each lot shall not be released until the flIst two are 100 

The Purchaser is 
or the 

to 1"lf(1,vlrli" five days written norice to the custodians prior TO removal 

Other Artides 

ARTICLE SA: TITLE. 

Title to the scrap, parts andlor components available for removal shall vest in the Purchaser as and when 
said property is removed from the or residue thereot: 

ARTICLE SF: ruSK OF LOSS. The assumes sole for the and protection 
of the property purchased under the contract upon commencement of removal from the Government 

by the its agent or authorized representative. The Purchaser further assumes 
for the of the property and of its equipment upon commencement of removal of the 

This is in addition to the coverage provided under Part 2, Condition 14, Sales By 
Reference pamphlet, March 1994. 
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SM: GOVERNMENT RIGHT OF INSPECTION AND SUAVEILLANCE, 

In addition to the Government's right of surveillance and set out in the by Part 
7, Article S; Part 6, Article G; the is infonned that the or its authorized 

right to observe all aspects of the work process may include and surveillance up 
to 100 percent of the work process, The Government will also have the right to conduct a post-award 
conference with the awardee, The Purchaser is also infonned that the or its authorized 

inspection and surveillance includes the right to verify the accuracy of the rt:sults of tests 
perfonned by the Purcbaser as part of irs to comply with State, and local CI1\IU'omnentaJ 
laws and to verify that all environmental requiremenrs are complied with, 

ARTICLE SR: PROHmITIONS ON USE OF SHIP. 

The Purchaser's rights under this contract are to scrappins and sale of usable maltenlU, tide 
to the is retained by the Government until aU material is completely in accordance 
with Article SJ of this IPB, any other activities on hoard the are prohibited prior awroval 
the SCO. These prohibited activities but are not limited to, memorial and 
tours. 

ARTICLE SU 

The seo, by written may terminate of work under this contract in whole or in if 
the determines II termination is in the interest. contract is terminated 
for the convenience of the Government, the shall be liable only for the purchase paid 
under the contract, and reasonable costs incurred the Purchaser for work under the contract 

to the effective date of termination, notwithstanding Part 2, Condition 15 of the Sale by Reference 
March 1994. 

After 
the Purchaser shall wilh the IOIIIIlW'1D1l! oOllgal~lOIlIS, 

potential amounts due under this termination: 

work as " ...... ·,..f"." in the notice. 

2. Place no subcontracts or orders for "' .... '1' ... ,'" or services other than those to 
any continued of the contract 

), Terminate all subcontracts to the extent relate to the work tenninated . 

4, .... v,." .... ,'" .. ",prinrrn""l'Ir .. of the work not terminated. 

5. uo'ver:llDllcnt, as directed by the all title and interest the Purchaser 
the subcontracrs terminated. 

6, With ",nmrnv," extent by the settle all outSWIOJ.rlg liabilities and tennmati(1n 
from the termination of subcontracrs. 

the SCO, transfer title and deliver to the Government any property, or other 
infonnation to be furnished 10 the Govemment as contract had completed. 

8, Take any action that may be necessary, or that the SCO may for the protection and 

in 

preservation of the property related to this contract that is in the possession of the Purchaser and in which 
the Government has an interest. 

50 
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If appropriate, the shall submit its fmal settlement tennination proposal to the SCQ in the fonn 
and with the certification nrp·<:t'I,hf'!1 the Officer within 90 days of the effective date of 
tennination. 

ARTICLE SV 

The SCO may, at any by written order to the Purchaser, require the Purchaser to stop or any 
part, of the work called for by this contract for a ofup to 90 days the order is delivered to the 
i'W'cn~lser and for any to which the may agree, The order shall be 
identified as a stop-work order issued this Upon of the order, the Purchaser shall 

with its tenns and take all reasonable steps to minimize incurring costs allocable to 
the work covered the order during the period ufwork Within a period' 0(90 after a 
work order is delivered to the or within any extension of that period to which the shall 
have the SCO shall either** 

(I) Cancel the stop~work or 

(2) Terminate the work covered the order as orc)Vujed the Default in Pertf)rmalnp or Termination 
for Convenience clauses of this contracl 

If a stop*work order issued under this clause is canceled or the period of the order or any extension 
thereof the Purchaser shall resume work. The shall make an in the 
schedule and the contract shall be modified, in writing. accordingly. if-

(1) The <:tn,,,.\,,n,'1<' order results in an increase in the time required for the pertor:mSlrtCe 
this contract; 

The 1"1Ir'~n~IJ:l"r asserts its right to the adjustment within 30 days after the end of the 

ARTICLE SW: =:.::..:..:=~...:.:..:...~::::.. 

part of 

of work 

Award of each lot andlor item will be made to the bidder who has submitted an 
aCC:l"nllal:!,le technical under step one of this !"Wit).J::len 

bid. The accepted technical be mcorpora,ted 
change in the tedmical subcontractors identified 
the change is approved Prior to award of a contract, the SeQ will detennine '.n ..... "' ... 
bidder is a Purchaser. The Government also reserves the to meet 
contractor the status and to 
monitor This may include the 

"r~·."'''''''"n survey to evaluate a Purchasers to perform 
according 10 the tcnns and conditions of the proposed contract 

ARTICLE SX: !:.!::!~~~~~~, 

A, The Purchaser agrees to furnish to the SCQ a Performance Bond on or 
cashier's checks. bank irrevocable lener of credit, post office money or currency may be 
furnished with Standard Form 2S in lieu of a designated acceptable surery company) in the sum 0($50,000 
for items 1·12 and for i'em 13 to cover the obligation to the contract • 
...... ..,-" .. ."", ....... bonds must be submitted contract For lot sales, a shall be 
submitted for each in each lot awarded. All Performance Bonds submitted to the: Government on 
contract must be issued a fum with at least an" A·" from A.M. Best or an cu, .. .".,,,,, .. 

service. 

SI 
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B. The SCO sball release bond upon verification of the Purchaser's certification of 
completion and upon SCO's determination that aU hazardous abated from the ship have been 
properly of and that any environmental issues have been satisfactorily resolved. 

Any classified or secret material found by the Purchaser or its subcontractor(s) in the ships referred under 
this contract must be returned to Government as by the at the 
Government's expense. 

The following special standards of responsibility will be assessed in addition to the general standards in 
re$J:lonsibiliity of all prolspec:twe purl:hllliers: 

A satisfactory history of compliance with Federal, State, and Local envUonMeDtid Jill"!! and 

cornpllianc:e with Federal, and Local laws and reg'uJallion,5. 

These standards will also be to key personnel and subcontractors identified in the 
nrn,!:nI"t'tI'Vf! purchaser's approved technical proposal. Corrective actions taken in response to previous 
violations will be taken into consideration in a prospective purchaser's responsibility. 

ARTICLETB: 

nrCIVllaOr\!l of the contract from this Invitation for Bids found to be 
in no way effect or invalidate any other terms or provision herein and 
'''''" .... ", shall remain in full force and effect. 

The following clause is unless the contract is exempt under the and 
relevant orders of the of Labor (41 ch. include contracts and 
subcontractors (i) not exceeding $10,000 and (ii) where no appreciable amount of work: is to be done by the 
contractor: 

the ..... 'of-..,' ........ of this contract, the contractor agrees as follows: 

(a} The contractor will not discriminate any employee or applicant employment 
color, religion, sex, or national The contractor will take atrmnative 

that are employed, and that employees are treated during 
Pm-rllnvrnl"nr without regard to their race, color, sex, or national origin. Such action 

...... ,.UU'I;. but not be limited to the Employment, demotion, or 
transfer; recruitment or recruitment advertising; layoff or termination; rate of pay or other 

of compensation: and selection for training, apprenticeship. The contractor 
agrees to in to employees and applicants for employment, 
notices 10 be provided by the Officer setting forth the provisions of this 
nondiscrimination clause. 

(b) The contractor wi)), in all solicitations or advertisements for employees placed by or on 
behalf of the contractor, state that all applicants will receive consideration for 
em'l"lIovmen[ without race, sex, or national 

S2 

NWMAR117817 



31·8018 

(c) The contractor will send to each labor union or representative of workers with which he has a 
bargaining Of other contract or a notice, to be nftlVllleO 

the agency advising the labor union or workers' representative of the 
contractor's 202 ofExe~utive Order No. 11246 of September 
1965, and post copies to eml::lIO'l'ees 
applicants for employment. 

(d) contractor will comply with all provisions of Executive Order No. 11246 
24, 1965, and of the regulations and relevant Secretary of 

(e) The contractor will furnish all information and reports required by Executive Order No. 
11246 of September 24, 1965, and by the rules, regulations and orders of the Secretary of 

or pursuant thereto, and will access to his books, records. and accounts by the 
contracting agency and the Secretary of Labar for purposes of investigation to ascertain 
.. VI,U",,,,,,,u., ... with such regulations, orders. 

(0 In the event of the contractor's noncompliance with the nondiscri:mination of this 
contract or with any of such or orders, contract may be CallceJleCl, 
ter.minated or suspended, in whole or in Part. and the contractor may be t.!.telared for 
further Government contracts in accordance with procedures authorized in Executive Order 
No. 11246 1965, and such other may be imposc;c1 and remedies 
invoked as in No. 11246, of 24, or by 
regulation, or order of the Secretary provided by law. 
The contractor will inc:lude the in every subcontract 

pW:\,;U,iaz,o; order unless exempted or orders of the of Labor 
204 of Executive Order No, 11246 of September 1965, so that 

such upon each subcontractor or vendor, The contractor will take 
10 any subcontract or purchase order as the rnr'Tr.>,rnn 

sucb sanctions 

agency, the contractor may request the United States to enter into such 
interests of the United States. 

S3 
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Remember • • • 

RFTPs are due by the official opening time. 
Please do not wait until the last minute! 

Defense Logistics Agency 
Defense Reutilization and Marketing Service 
National Sales Office 
'4 Washington Ave N Ste 6 
Battle Creek,lvfl49017-3092 

Official Business 

Sale Number 31·8018 

First Class Mail 
Postage and Fees Paid 

Defense Logistics Agency 
Penn it No. G-53 
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APPENDIXE 

SHIP SCRAPPING AND PCBS - BACKGROUND PAPER 

AND ADMINISTRATOR'S FACTSHEET 

NWMAR 117820 



SHIP SCRAPPING AGREEMENTS AND PCBs - BACKGROUND PAPER 

Background: 

Under the current Toxic Substances Control 
concentrations 50 ppm or ,gre:ater 
DrC)DosedW fueAVr.n~ 

this memaKln,,g, 

prior to 
that are readily 

62788). 
trans boundary movement 

waste which is cOt'ltrolled 

al:,l'''''''''' to suspend exporting 
an 

EPA plan to 
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not 

country. if there is no 
in an Agreement 

I' .. ,.,n .... study to proposed changes in notification, we 
Agreements are reactivated, they should be 

Question: Why don't 
PCBs 

Question: 
not occur 

Background: 

in effect. The first step will us to meet 
Agreements. which was a commitment.made during the 

Agreements require the 
they are 

intend to do 

Panel 
our own oversight 

applicable environmental 

hazardous than 

to ensure Sea 

cral0DUllZ is 

Navy. MARAD. EPA 
the Defense _~ ... ~, .. _ ... 

let 

in the 

dumping of debris and 
US Illusive ship ",.. .. , ........ 

Seawitch 
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ship operation. EPA 
exposed pipes in scrapped areas of 

been or with 
the Clean Air Act. 

of 

MARAD to do to ensure 

program 

in EPA will 
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elOl)mem of PCB guidance for testing, removal and of 
and are 

promulgated in May, 1998. EPA 
cannot without by DOD, 
MARAD, and Coast Guard on non-liquid PCBs. 
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Congressional Issues 

• the Report the Ship Scrapping 
concern that the Report did not recommend 

the 

• which would prohibit the 
Administrator EPA 

• held 
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ADMINISTRATOR'S FACTSHEET 

SCRAPPING OF NA VY AND MARITIME ADMINISTRA TION SHIPS 
CONTAINING PCBs 

PROGRAMIISSUE: of large of 
scnilppm~ (currently over 180), and uncertain capacity scrapping market, 

Navy U.S. Maritime Administration (MARAD), sought enforcement discretion 
a2reen1ents with would to export which contain 

of PCBs. entered into MARAD 

the are 

PCB Guidance 

MARADand 
develop guidance of non~liquid PCBs in 

with UUU'U""'V'" regulations. 

Regulatory Oversight 

MARAD and OSHA shuuld enler a that would: 
a ship scrapping contrdct is location of the orCtoosed 

provide for EPA participation in post-awardlpre~pert'onnance conferences at 
""",",,·,""1 plans are for of 

of DLA or,.MARAD. 

and to 

to ship 

to a compliance manual that v" ....... ," ship scrappers the 
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International Issues 

interim export Agreements to: expand 
infonnation the 

if a 
a exported. 

annuaUy to evaluate their use and 

importing 
wu .... ~ .. "" are adequate 

BACKGROUND: 

• PCBs at corlCerltf'dtlOllS ppm or 

• DITlIDO,Sea a to allow the export 
treat the transboundary movement of PCBs same as 

would 
movement 

• 

• 

is not 
be subject to RCRA. Sodium chromate. 

to be a waste at the time export. 
a and which falls within RCRA's 
potentially to waste export 

Major Activities 

• 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

November 30, 1995 

Bondareff 

Administration 
Room: 7232, HAR-220 
400 Seventh Street, S.W. 
Washington, D.C. 20590 

Dear Ms. ,Bondareff: 

, ..... I.. ~."., 

~.. t ~ • 

., .. ~ ".1"" "+ ..... "; .:, 

:--: /l!'!II\'-i"\ _ 

. :...~:.... ~':: 

COMPlIANCE A.S5UI\ANCE 

This letter finalizes EPA's May 5, 1995 interim response 
provided to Ms. Anderson, Esq. and supplements the May 16, 
1995 EPA letter which responded to your May 9, 1995 request for 
clarification. 

In general, 
addressed EPA's 

EPA has determined that MARAD has adequately 
concerns in its counter-proposal dated April 

concerns include (1) financial assurance in tIle ,~28, 1995. Those 
event 
remove 
removal 

unwilling or to 
PCB waste from the ; (2) 

waste with 40 CFR 
operations or export of ship 
of the in the event 

( ) and (4) EPA 

appl to the two vesse , the 
and the Santa Isabel listed your Attachment A (Enclosure 1), 
Which are subject to the Invitation for Bid (IFS), EXC-8633 dated 
January 13, 1995. It EPA's understanding that these 
are to have PCBs removed within the EPA Regions of 3, 4, or 
6. As , the terms and conditions included in this letter have 

by these EPA offices and are only applicable to 
within regions. EPA and MARAD wi 
a more comprehensive compliance agreement for future 

auctioned 

EPA has determined that, for the purpose of the referenced 
transfers, the amount of the $75,000 performance bond from the 

, set for PCB cleanup, is e f 
assurance when combined with MARAD's self-insurance as 
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provide the EPA with a copy 

EPA has determined that MARAn a generator of the PCB 
waste on its surplus This potential liabi that 
MARAD retains as a generator, coupled with self insurance (and 
the performance bond) provides adequate assurance that the 
ultimate dispos of PCBs and PCB items in concentrations of 
50 ppm-or greater on board the two (2) vessels listed in your 
Attachment A will be accordance with the regulations at 40 CFR 
761. 

While MARAD generator liability, EPA willing to 
MARAD's proposal that it and the scrapper/PCB removal 

--.---- co-generator status for any PCB waste which 
operations. Whether or not EPA 

arrangement for future sales yet to 
28, 3 letter from Tony (EPA) 

to Iona Evans ( 2) 
that s status will be to 

sale of the two vessels noted Attachment A of MARAD's 
April 28, 1995 letter. MARAO designated co-generators must have 
EPA TSCA generator IO 

EPA can not 
as a PCB 

40 CFR 761.65 (e). 

The d 
your 

of enforcement 
has determined 
run from the 
their use and 
the (from their 
would a one year 
end of that year, these 
exar.lple, the 

designate either the ship or the 
storage facility under 

PCBs and PCB are removed from 
t on the vessel. removal 

on the vessel) 

to 

for disposal period. By the 
must have been disposed of. For 

remover chose to remove and then 
one , by the J65th a store PCB 

removal, the item 
incinerated in 

must be disposed of in a TSCA 11 or 
with the PCB regulations. 

As a matter of enforcement discretion and not regulatory 
interpretation, non-l id PCBs and PCB which are removed 
from the vessel must be stored in compliance with 40 CrR 761.65 
(b) (1) (i) which the requirement that a storage fac ity shall 
have an adequate root and walls to prevent rain water from 
reaching the stored PCBs and PCB Items. The other provisions of 
761.65 (b) do not have to be adhered to for non-liquid PCBs 
removed from these two 
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which are removed from their present 
location on the may be stored on the. vessel itself 
covered waterproof containers. If liquid PCB waste is to be 
stored, it must stored on or off the vessel in conformity with 
40 eFR 761.65 (b) (except for the flood plain requirement) • 
LiqUid waste may not be stored for longer than a 30 day period if 
it is stored in a flood pIa The goal of these requi.rements is 
that PCBs and PCB Items be handled and stored in a manner that 
prevents migration or release of the PCBs into the environment •. 

PCBs at concentrations equal to or greater than 50 ppm are 
regulated for disposal. consequently, any PCB material on the 
vessel at 50 ppm or greater mus.:t .. be removed and disposed of in . 
accordance with 40 CFR 761 prior to export of the'vessel for 
demolition/scrap. EVen if the vessel is not exported, this PCB 

must be of in accordance with the regulations. 

EPA's April 14, 1995 draft proposal listed those items on 
old vessels which are presumed to contain PCBs. They are: 

cable insulation 
rubber 
felt gaskets 
thermal insulation material 

fiberglass 
felt 
foam 
cork 

trans 

adhas 
tapes 
oil 

capacitors and 

- electrical equipment and motors 
- anchor windlasses 
- hydraulic systems 

inside 

- surface contamination of machinery and other solid surfaces 
(unknown sources from historic practices) 

- oil-based 

Oil-based paint will be treated the same as other 
, i.e. be presumed to be contaminated with PCBs 

at concentrations to or greater than 50 ppm (particularly 
paint cans) unless sampling and testing results show a lesser 
concentration, and shall be removed and disposed of in accordance 
with 40 C.F.R. Part 761 with the following exceptions: 
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- caulking 
- rubber isolation mounts 
- foundation mounts 
- pipe hangers 
- light ballasts 
- any plasticizers 

This list supplemented by the enclosed Department Justice 
letter (Enclosure J) which contains a similar list. Please be 
advised that applicability of the PCB regulations is not 
necessarily restricted to items on the list. All PCBs at 
concentrations of 50 ppm or greater are regulated for disposal. 

Domestic - Paint which is contaminated with PCBs not 
required to be removed from any painted surface from either 
ship which to be smelted in the United I provided 
that will be smelted in a device which me~ts the 
def of "industrial furnace" as defined in 40 C.P.R. 
260.10. 

1) At 
given 

export. 

is contaminated with PCBs is not 
any painted from either 
a foreign country smeltinq, 
conditions are observed: 

90 days prior to export of the ships, notice 
by EPA to the importing country of the intended 
This ion will state (al that the ships 

conta PCBs in concentrations of 50 ppm or 
conditions for export conta this 

will if the 
writing to , or 

to the export within 90 of the 
Export of the ships may not 

until (i) written consent of the importing country 
by EPA, or (ii) 90 have elapsed from the 

notification of the and the importing country 
ected. 

(2) The contract between the exporter and the 
importer/disposer specif that the material will be 
handled in an environmentally sound manner; 

(3) The exporter or MARAD or its coqenerators take 
the or make alternative to 

ensure environmentally sound : they are 
sent without notice and opportunity to object as specified 
above; consent was obtained through falsification, fraud or 
misrepresentation; or the materials cannot be in 
accordance with the terms of the contract. 
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The lists are supplied to provide guidance concerning those 
that EPA presumes to be contaminated with PCBs at regulated 
levels. 

Purchasers/PCB removers may approach PCB remediation ()ne 
of "the following ways: 

(1) Purchasers/PCB removers may assume that the items on 
this list are contaminated with regulated PCBs which must be 
removed and disposed of accordance with the PCB regulations; 
or 

(2) IPCB removers may undertake 
to disprove the presumption that the suspect items 
regulated PCBs; or 

(3) {PCB removers may elect to remove all of one 
item type (ie: felt gaskets) and elect to conduct sampling < 

analysis on another item type (ie: electrical"cables). 

To assist the purchaser/PCB removers who desire to sample 
the suspect material, EPA has developed a guidance which 

PCBS ship disposal operations. This guidance 
(Enclosure 4) provides the national policy on sampling and/or 
removal expected from ship disposal (including scrapping) 
operations. The PCB for the Northwind and 
the Santa Isahel utilize the guidance in their ship 

4 scrapping should they desire to sample items presumed 
to contain regulated PCBs. The guidance was developed as a 
generic guide. In any instance where the terms and conditions of 
this letter may with the , the provisions in 

letter shall be controlling. Any questions concerning 
implementation of the guidance shOUld be directed to 

EPA 

EPA requires a certification from the President or CEO of 
the PCB Remover/scrapper that the successful removal and proper 
disposal of PCBs and PCB Items with a concentration of 50 ppm 
or greater on board this vessel(s) has been accomplished. The 
certification shall include statements that: 

- all known PCB liquids at concentrations of 50 ppm or 
greater have been removed; 
- any liquids which have not been removed which could 
contain PCBs on their use have been 
and found to be than 50 ppm and are not 

for PCBs 
result of 

dilution following the of the ship; 
- all items listed in each category have been removed and 
disposed of in accordance with 40 CFR SUbpart Df or 
representative sampling conducted in accordance with 
Enclosure 4 indicated that the items did not have to be 
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removed because PCS were below 50 ppm. 
- I certify under penalty the law that this 
all attachments were prepared under my or 
supervision in accordance with a system designed to assure 
that qualified personnel properly gather and 
information. Based my inquiry of the person or persons 
directly responsible gathering information~ the 
information is, to the best of my knowledge and bel , 
true, accurate, and complete. I am aware that there are 
significant penalties for falsifying information, including 
the possibility for fines and imprisonment for knowing 
violations. Dated: Signature: Title: ________ __ 

Complete of all sampling results and signed 
the firs~ for PCB waste transported for disposal 

be provided to EPA as an attachment to the cert ication. 

In the event that portion of the vessel be exported 
disposal, this must be received by the 

appropriate EPA contact at 15 calendar days prior 
to export of the (s). In addition, at least 30 calendar 

prior to export, the PCB remover shall transmit to 
appropriate EPA regional contact the sampling and analysis 

results for all taken to verify the of PCBs 
and Items. 

The 
a unique sample 
deck} where the 

ion required for each 
identification number; the location ( 

listing 
ing 

item 
the bow 
that 

was ; kind of 1 or 
and the amount sample taken; the distance from 

the ; and the t 
name and phone number sample 

in the ; the limit 
;' the extrac~ method 

solvents; and EPA-approved 
analysis. In addition, the 

at 10% chromatograms 
shall be submitted to EPA. Of course, the EPA Regional Office 
where the PCB sampling/removal occurs, can and may 
additional information as deemed necessary. 

At 30 calendar days prior to export, the purchaser/PCB 
remover 
complete copies 

PCB waste 

to the 
manifests 

for 

EPA ional contact 
Signed by the transporter 

All requirements are to be provided to the EPA 
PCB Contacts in the regions where the PCB removal will 

p and a copy be to EPA The 
points of contact are: 

NWMAR 117834 



7 

1445 Ross Avenue, 1200 
, TX 02-2733 

phone: 214-665-1579 fax: 214-665-7446 

USEPA Region J 
Ed 
841 Chestnut Building 
philadelphia, PA 19107 
phone: 215-597-7668 fax: 2 

USEPA Region 4 
stuart 
345 Streee, N.E. 
Atlanta, GA 30365 

97-3156 

phone: 404-347-3222 (x6907) fax:404-347-1681 

USEPA HQ 
Diane 
Federa Office (2261) 
401 M Street, SW 

, D.C. 20460 
phone: 202-260-9755 fax: 202-260-9437 

MARAD co-generators must perform a generator 
dut 1 PCB , including the notification 
and 40 CFR 761. In addit , MARAD 
and/or to EPA a floor plan map 
of plan with respect to the removal 
and/or a s 1 I characterization for PCBs, a 

1e for PCB re~ova1, notification where the PCB 
will take place and ~hen the vessel will be transferred from 
MARAD. MARAD 11 prov EPA with a copy of the contract 
between both MARAD and the purchaser and between the purchaser 
and scrapper/PCa remover ( available). MARAO shall provide 
EPA with a contact person, phone and fax number for each business 
entity 1 on Attachment A as well as the MARAD point of 
contact for removal operations. This information must 
be prov to EPA as soon as possible after acceptance of the 
bid, but no than two weeks prior to delivery of the vessel 
to PCB removal 

EPA 
Pollution ll of the proforma 
for package, MARAD has 
locations of on board 
of PCB 

via "Article 14, Environmental 
Contract contained in the Invitation 
notified the bidders of the potential 
the vessels of the applicability 

at 4Q C.F.R. Part 761. 

MARAD shall notify the EPA Regional off in writing if 
MARAD aware of any violations of 40 C.P.R. Part 761. 

NWMAR 117835 



8 

Either MARAD or their co-generators shall provide 
notification to the dock owner that PCB removal/storage 
activities will be conducted at that site. A copy of this 
notification shall be to EPA. 

In the event that the purchaser proposes to export the hulk 
of the , MARAO, or its contract inspector, will conduct a 
final audit of the vessel after the purchaser 
represented to MARAO that all PCBs equal to or greater than 50 . 
ppm have been removed and disposed of proper~y. The final audit 
inspection shall include a visual inspection of the areas 
suspected to contain PCBs to ensure that those items have been 
removed. The audit will also inclUde a visual inspection of all 
areas from where PCB waste has been stored ' 
pr to ite for disposal, if any. In order 
to conduct a acceptable to EPA, 'areas where 
PCBs are normally to be found (such as behind walls and 
above ceiling les) shall be visually accessible for 
inspections. If the inspection reveals potential PCB 
objects on the or in storage areas, MARAO will confirm by 
review of the test/sampling data* that the remaining items 

in concentrations of less than 50 ppm. In the event 
that the review of the test/sampling data indicates that the 
remaining potential PCB objects either contain PCBs at 

_ concentrations of 50 or greater or were not adequately 
tested, the purchaser will be required to either remove or test 
the potential PCB objects. Following removal or 

these PCB ects, MARAO shall 
the vessel. A wr 

the results of the (5) shall be 
at least 7 days 

If two vesse contain asbestos and/or lead and if such 
asbestos and/or will be disposed of and/or recycled during 
the anticipated disposal/recycling operations in the importing 
country, then the conditions identified in the paragraphs 
numbered 1-3 under issues in footnote 1, above, 
must. be appl to the and on • 

notification and opportunity to object procedures may be 
handled concurrently for PCBs, asbestos and lead. 

Within the United states jurisdiction, asbestos, lead and 
any other regulated substances (except for PCBs to the extent 
that they are specifically addressed in this letter) shall be 
handled in accordance with all the applicable u.s. laws and 
regulations including, if appropriate, the NESHAP reqirements. 
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Within the U.S., the National ion for 
Hazardous Air Pollutants (NESHAP) applies to regulated faciliti.es 
undergoing a or renovation where asbestos containing 
material will be or damaged. A ship is considered tel 
be a regulated facility under the definition of a facility (40 
CFR Part 61 subpart M). The scrapping of a vessel within the 
United States, is considered be a demolition which at the very 
least requires a notification to U.s. EPA or its delegated agent 
under Section 40 CFR 61.145. 

By awarding for the two vessels discussed this 
, the Northwind and the S.an1:.a Isabel, MAR.AD agrees to the 

terms and conditions contained in this letter of enforcement 
• This letter not and shall not be construed to be 

a to relieve MARAD and co-generators of any legal or 
regulatory obligations including obligations under any 

laws or as expressly provided 
for herein. In event that MARAD to comply with any of 
its obligations under this and the parties are unable 
to resolve the ly, EPA reserves any rights granted 
to under appl law to seek administrative or judicial 

f against MARAD. Where letter requires a specific 

call 

or notification from the 
PCB remover, MARAD shall notify the purchaser 

through either the proforma 
Invitation for Bid package, 

I the contract for sale, or any other 

at 202-260-9755 if you 

rel~.{ ___ 
1 Office 
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(1) MARAD Attachment "An, NORTfiWIND and SANTA ISABEL particulars 
(1 page): 

(2) October 28, 1993 
(NAVSEA) re: """" .. nc," 

from Tony Baney (EPA) to Iona Evans 
status (2 pages); 

(3) April 21, 1995 DOJ letter re: Guidance for Evaluation and 
Cleanup of PCBs on Board the USS Cabot/Dedalo (3 pages); 

(4) EPA Guidance on ship scrapping; "Sampling Ships PCBs 
Regulated for Disposal, Nove~er 30, 1995 (21 pages). 

cc: Mike Stahl (OECA) 
Jesse Baskerville (OECA-TEPOl 
John smith (OPPTS) 
Roland Dubois (OGC-Toxies) 
Joe Freedman (OGC-International) 
Tom Sullivan (OCLA) 
Lou Roberts (EPA Region 6) 
Ed Cohen (EPA Region 3) 
Stuart Perry (EPA Region 4) 
Trigg Talley (state) 
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UNITED STATES ENVIRONMENTAL PROTECnON AGENCY 
WASHINGTON, D.C. 20460 

lana E. Evans 
Department of the Navy 
Naval Sea Systems Command 
2531 Jefferson Davis Highway 
Arlington, VA 22242-5160 

Dear Ms .. Evans: 

ocr 2 a 1993 

(IF:"ICIOI=' 
PAlVtHTIOH. IIEITICOES 
AND TOXIC SWS1'AHCiJ 

I .m responding to your Sep~ember 2, 1993 "letter to Mr. Tad 
. MCCall, Acting Deputy Assistant Administrator for F.~d~ral 
Facilities Enforcement. In"that letter, you requested that EPA's 
Toxics Enforcement committee evaluate the Navy's request to allow 
its contractors to perform the generator duties associated with 
the disposal of PCB waste resulting from the scrapping and 
recycling of decommissioned Naval vessels. Although the Toxics 
Enforcement Committee did not review your request during theix' 
monthly meeting, representatives from the Office of Pollution 
Prevention, and Toxics,' (OPPTS), the otfice of Compliance 
Monitoring (OCK), the Toxics Litigation Division (TtD), the 
Off of Ceneral Counsel (OGC), and the Office of Federal 
Facilities Enforcement (OFFE) have discussed your request and 
have reached a decision concerning the generator issue. 

Based on the facts as presented in your September 2, 1993 
letter, EPA has, decided that it. is appropriate to view the Navy 
and its contractors as co-generators of any PCB waste which 
results from ship scrapping operations. Accordingly, EPA is now 
proposing incorporation of the followinq provision addressinq 
scrapping in the compliance Agreement: . 

On behalf of the Navy, the Defense Reutilization Marketinq 
Service (HDRMS") sells some excess USN titled vessels to 
private industry for the purpose of disposal of the vessels 
by scrapping. The Navy shall provide full notice throug.h. 
DRMS to bidders on contracts for the scrappinq of those 
vessels, of the Navy's knowledqe of the existence of PCB 
items and potential PCB items on board those vessels and 
shall require such transferees to acknowledge their duty to 
comply with the requirements of TSCA and 40 C.F.R. Part 761. 
The contract shall provide that the Navy and the transferee 
~ill perform all required duties, including those of the 
generator of PCB waste, for any PCB items that are removed 
from the vessel. The contract shall specify which duties 
such as manifesting, record-keeping, annual reports, etc •.• , 

'will be performed by the Navy and/or the transferee as co'" 
generators. " 

~ ........ , ........ . . 
'l 

. .. - ... -.... 
lit •• _ ..,. 
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EPA's decision to treat the Navy as a co-generator of PCB 
waste, rather than the sole generator, obviates the need for ship 
scrappers who are co-qenerators from applying for and receiving 
approvals as commercial storers. The draft language does not 
eliminate any other regulatory requirements such as the current 
need to obtain disposal permits (40 CFR 761.60) for the .chopping, 
stripping or otherwise processing of unauthorized wire cabling 
containing PCBs. 

You have requested that nthe Navy be permitted to proceed 
with its ship scrapping program with the contractor acting as and 
performing all generator duties. d The new draft provision offered 
by EPA allows the Navy and its scrappers to determine 
contractually which party will perform the various generator
specific duties, while acknowledging the generator status of 
each. In the interests of expediting Navy surface vessel 
scrapping activities, EPA is amenable to the immediate 
application of the. proposed paragraph pending execution of a-
final compliance agreement. The terms and conditions set forth 
in the executed compliance agreement will, of course, supersede 
the draft language offered in this letter. 

If you have any questions concerning this letter, please 
call me at (202) 260-3933. QUestions concerning the compliance 
agreement should be directed to Diane Lynne at (202) 260-9755. 

Sincerely, 

Je~ 
Tony Baney, Chief 
Operations Branch 

cc: Barry Breen, OFFE 
Mike" Walker, OE 
Mike Stahl, OCM 
Mike Wood t. OCM 
Pat Roberts, OGC 
PCB Coordinators, Reqions I-X 
PCB Branch Chiefs, Regions I-X 
Federal Facility Coordinators, Reqions I-X 
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ENCLOSURE 4 

November 30, 1995 

SAMPLING SHIPS FOR PClJs REGULATED FOR DISPOSAL 
(lnterim Final Policy) 

At United States Envh'onmental Protection Agency's 
(EPA's) Federal Facilities Enforcement Office and the EPA Regional PCB 
Coordinators, technical poli document was prepared by the Operations 
Branch L'l the Chemical Management Division in the Office ofPoUution 
Prevention and Toxics to provide an interim method of determining whether 
polychlorinated biphenyls (PCBs) have been removed from ships (vessel~). 

n. Purpose 

policy addresses management of PCBs andlor PCB items regulated for 
knoYm or to be on board vessels destined for for 

metal recovery/recycling. This guidance is self-implementing. There 
are notification and recordkeeping requirements, howevert no EPA PCB disposal 

to carTY out the PCB removal procedures as part of a 
scrappi~g procedure. EPA may determine that information sent in the notification 
is incomplete retains the right to request complete infonnation as required in 
the notification. 

This policy provides two options for shipbreakers or scrappers to remove 
PCBs from a 

(a) All known sources of liquid PCBs. in IV.(a) below, and all known 
uses of non-liquid PCBs, defined in V,(a) below are removed. No sampling or 
measurements are required for this rl"T!ni""'~ 
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Use this policy to sample the vessel and chemically analyze the samples 
for the presence of PCBs to detennine whether PCBs at concentrations 
regulated for disposal are present on the vessel. Scrappers can opt either 

(i) sample all items suspected to contain PCBs in all classes of uses of 
non-liquid PCBs (called Strata in VLc.{ii)(B)(2)(c) below); or 

(ii) in place of sampling and analysis ()fitems in aU olasses of known 
uses of PCBs, scrappers may utilize this policy to r~move some classes of 
uses of non-liquid PCBs and sample all other classes. 

As an example o/II(b), assume 'that/or economic reasons, a 
scrapper decided to remove and dispose of as PCB w~ste all 
eieClricai cable, because in his/her experience a sufficient 
proportion o/the cable regulatedfor disposal. The decisf.on 
was based on the expense oj.fampling and analysis which 
would only confirm that all cable would be regulated. Another 
similar reason to ~'uppon this decision that the sampling and 
analysis costs to detennine which cable was regulated 
exceeded the economic benefit from identifying regulated and 
non-regulated cable. Once the electrical cable was removed 
and disposed qf as regulated PCBs. the scrapper would still be 
required to either remove ail other known classes a/uses (air 
handling system gaskets and olher known uses [other than 
cable and air handling gaskets]) or sample to determine 
whether there were regulated PCBs in these other known 
classes of uses oj non-liq,dd PCBs. 

This policy does not address any other potentially regulated material such as 
asbestos, lead. or any material considered ha28rdous under the Resource 
C ouservatioD and Recovery Act. 

. 
(a) At the point of sale of a vessel. which will undergo PCB removal prior to 

scrap metal recovery, seller {for Federal Government owned vessels, the 
seHer is usually the Defense Reutilization and Marketing Service, the 
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Maritime Administration, or the General Services Administration) of a vessel 
scrap metal shall notify the EPA Regional PCB Coordinator 

where the is berthed at the time the bid is acceptred, of: (i) the time 
vessel will be moved frOln its storage berth to the PCB removal point or 
storage point prior to PCB removal, and (ii) the intended future location of 
storage prior to PCB removal and the PCB removallocation~ 

(b) At the point of the purchaser of the vessel, which will undergo PCB 
removal. shall notify EPA Regional PCB Coordinator(s), the vessel 
will be located prior to and during PCB removal as part of the scrap 
metal recovery process. notification shall include: 

date the ship wiII be moved from the berth at the time of sale to any 
temporary storage bert.h prior to PCB removal and the date the vessel 
be moved from temporary storage location to the location where PCB 
removal occur prior to andlor during scrap metal recovery; 

. (ii) location(s) of storage and PCB removal; 

(iii) the date of arrival at that (those) locatlon{s); 

proposed tilIle period of the storage! PCB removal) and metal 
recovery activities: 

(v) address phone number oia responsible party from the 
seller's office who can provide the status of the sale. PCB removal 
activities~ and scrap metal recovery activities; and 

(vi) the business address and phone number of a responsible party from 
the purchaser of the and/or the PCB removal company who can 
provide infonnation on the status of the PCB removal activities. 

(c, Thirty calendar days before starting the PCB removal activity from a 
vessel. a scrap metal recovery company andlor removal company shall 
provide the EPA Regional PCB Coordinator(s) where PCB removal will 
occur, 
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(i) A map ShOV,1Dg the location of the storage facility and PCB removal 
location; 

(ii) The PCB removal plan which includes details on the identification of 
known- SOUTces of PCBs on the vesseL 

(iii) A floor (deck) for each deck of the vessel showing the 
location(s) ofPCBs to be removed; and 

(iv) The schedule for removing PCBs from the ship, including: 

(A) the estimated date that aU PCBs will be removed from the ship; 

(B) the estimated date an PCBs greater than or equal to (OI!;) 50 parts 
per million (ppm), which are removed from the ship and placed in 
storage, will be removed from storage and sent for PCB disposal; 

(C) disposal method a.'1d company to be used for each kind ofPeB 
waste l50 ppm, and 

(D) the removal equipment decontamination procedures and 
schedule. 

(d) any time, EPA inspectors I have the option of inspecting vessel 
during a PCB activity. 

(a) MO" .. " sources of Liquid PCBs 

Known sources ofiiquid PCBs potentially on board vessels are~ electrical 
equipment - including transformers, capacitors, fluorescent light ballasts, 
voltage regulators, circuit breakers. liquid-fined cable, reclosers. rectifiers; 
hydraulic equipment; heat transfer fluids; vacuum pump oil; air compressor 
lubricants; cutting and grease. 

(b) Management and Disposal of Liquid PCBs 
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Prior to scrap metal recovery and non-liquid PCB removal 
operations, all PCB or equipment on board the vessel containing 
liquid PCBs at concentrations :it 50 ppm shaH be removed from the vessel 
and be disposed in accordance with the PCB disposal regulations at 40 
CFR 161 Subpart D. Accumulations of sman capacitors present in 
fluorescent light ballasts and electronic equipment, which may be. 
disposed ofas municipal solid waste under 40 CFR 761, disposal of these 
items also may be addressed under the Comprehensive Environmental 
Response, Compensation, and Liability Act minimum reportable disposal 

regulations. . 

fmpervious (as defined at 40 CFR 761.123) which are 
contaminated with liquid PCBs, shall be cleaned to less than 100 
micrograms per 100 centimeters square « 100 IJ.gllOO cm2

) PCBs the 
material beneath the surface to be smelted in a smelter meeting the 

a n industrial furnace 40 CFR261.10, If the material 
beneath the surface is not going to be smelted, then the surface shall be 
cleaned to ~ 10 i 00 

(iii) Non-impervious solid surfaces. (as defined at 40 CFR 761.123) 
which are contaminated liquid PCBs, shall not be evaluated for PCB 
removal by a surface sampling test, but cleaned to < 50 ppm, as measured 
by a core or if the solid beneath the surface win be 
recycled a smelter meeting the definition 40 CFR 
161.10. If the beneath the surface will recycled but not smelted 
in a smelter meeting [he defInition at 40 CFR 261.10, the PCB cleanup 
level is < 2 ppm. as measured by a core or scrape sample. 

KnOy,ll Sources of~on·Liquid PCBs 

Knov.-n sources of non~liquid PCB materials in vessels are non
conducting materials electrical cables (such as plastic and rubber), gaskets 
in air handling systems, other rubber gaskets, other felt gaskets, thermal 
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insulation material (including fiberglass, felt, foam, and cork), sound 
deadening felt, oil-based paints, grouting/caulking, adhesives, tapes, rubber 
isolation mOWlts, foundation moWlts, pipe hangers, rubber/plastic parts of all 
sizes and shapes, and any other materials where plasticizers were used. 

(b) Management and Disposal afNon-Liquid PCBs 

(i) The concentration of PCBs in electrical cable shall be based on the 
concentration of PCBs in each non-metal, non-liquid component of the 

individually. The concentration of PCBs in electrical cable shall not 
based on the total of PCBs the cable divided, by the total 

weight (a) of aU non-metal components, (b) of all metal components, or 
all non-metal and metal components. If one non-metal component 

of the cable regulated for disposal, the entire cable is regulated for 
disposal. Separation of PCB materials hSO ppm PCBs) from nqn-PCB 
materials (less than 50 ppm PCBs) for purposes of disposal of PCBs 
and/oT deregulation of metal (for purposes of PCB disposal) shall 
accordance with the approval requirements 40 CFR761 SUbpa.rt 
PCBs ~50 ppm which are removed from the vessel are regulated for 
disposal and are subject to requirements for storage and at 40 
CFR 761 Subpart D. Disposal approvals may consider the detenninadoo· 
of PCB disposal status of PCBs based on a measurement of 
processed cable aggregate rather than individual cable components. 

(Ii) For purposes of this policy, paints and other thin coatings on metal 
. will not required to be removed if the coared metal will be smelted 
domestically in a smelter meeting the definition of an industrial furnace at 
40 CFR 261.1 O. For smelting outside [he United States, export of the 
vessel these metal coatings shall be pursuant to an EPA 
enforcement agreement 

VI. Sampling to Verifx that PCBs Have Been Removed from a Vessel 

In event that all of lowing known sources of non~liqujd PCBs: 

mat:erials in electrical cable; gaskets in air handling 
systems, rubber gaskets (other than gaskets in air handling systems), and 
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felt gaskets (other than gaskets in air handling systems); thermal 
insulation ma.terial (fiberglass, felt, foam, cork, etc.); sound deadeni ng 
felt; oil based paints in containers (not paint applied to surfaces the 
vessel); grouting/caulking; adhesives; tapes; rubber isolati~n mounts; 
foundation mounts; and pipe hangers; 

have not been removed from a' as on option to avoid sampling requirements 
prior to scrapping, the following plan shall be used to sample a vessel to verify 
that there are no PCBs in these applications at concentrations l:50 ppm. EPA has 
not designated a process or method tor removal of PCB uses from a vesseL In 
Appendix 1, has designated and required the chemical analysis including 
extraction procedures. These procedures shall be used to determine PCB 
concentrations for verifying that there are no PCBs concentrations ::t50 ppm 
remain on the vessel, either after removal of PCBs or verifying an assumption that 
no PCBs need to be removed as required in this policy. These same procedures 
shall be used for determining PCB concentrations purposes of identifying 
disposal status with respect to 40 CFR 761. 

(a) Certification 

(i) Certification scrapping. 

The President or CEO of the PCB removal andior scrapping company 
shall certify that successful removal and proper disposal of PCBs and 
PCB Items with a concentration of 50 ppm or greater on board the 
vessel(s) has been accomplished. the certification shall include 
statements that: 

(A) All knmvn PCB liquids at concentrations of 50 ppm or greater 
have been removed; 

(B) Any liquids which have not been removed, which could contain 
PCBs based on and which are not result of dilution 
following the sale of the ship, have been. analyzed for PCBs and 
found to be less than SO ppm; 
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(C) All items listed each category have been removed and 
disposed of in accordance with 40 CFR Subpart D, or representative 
sampling conducted in accordance with this policy indicated that 
items did not have to be removed becausePCB levels wefe below 50 
ppm. 

(D) Records and documentation of sampling and analysis will be 
maintained for calendar years at the scrapping location following 
completion of the last chemical analysis Of the day of the last PCB 
removal activity which ever is later. the event that the scrapping 
company, which is keeping these documents and records, ceases 
business operations before the tind of the five year period, the records 
and documentation shall be sent to the EPA Regional, PCB 
Coordinator. In the event tha~ a PCB removal company changes 
address or becomes part of another company, the PCB removal 
company shall notify tne EPA Regional PCB Coordinator of any .new 
location where the records and documentation will be kept. 

Copies of an manifests signed by the transporter for PCB 
raIlLSO()rte:d. for dlsposal shall be provided in the certification. 

The certi fication statement shall the following .,. ... ,~, ..... 

I certify under penalty of law that this document 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified personnel 
properly gather and evaluate information. Based on my inquiry ofllie 
person or persons directly for gathering information, the 
infonnation iS I to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for 
falsifying infonnation. including the possibility for fines and 
imprisonment for knowing violatioDs. Dated: 'Signature:_ 

Title: __ 

NWMAR 117852 



(H) Certitication 
States 

scrapping outside the customs b:nitory United 

Certification scrapping outside the territory of 
States shaH accomplished through a compliance agreement 

United 
EPA. 

Records of the Sampling and Analysis Results 

The sampling and analysis results for aU samples taken to verify 
PCBs have been removed shall main'tained for EPA inspection. Results 
should be listed two \\:ays: by individual sample and by sampling scheme 

the sample was select~d in the samplhlg plan), . 

The information required for each individual sample listing at a 
minimum: a unique sample identification number; the kind material or 

sampled; the location the sample was collected (the deck on the 
and frame number or the disUh1.ce from the bow of the vessel to the 

date the was collected; sample collector; the 
collected; analytical procedure used; the PCB 

concentration sample; and limit of quantitation for the chemical 
analysis. 

For each step sampie selection the unique samples selected 
shall be in categories according to outline VLc.(H)-(iv) below. 

each shall listed for each • i.e., each 
material (felt gasket. pipe hanger, based pamt, etc.), and each area 

as high voltage electrical equipment areas. 

c. Sampling Plan 

sampling plan is a variation of a stratified random sample. this 
of sampling. entire population of non-liquid PCBs is divided into 

mutually exclusive sub-populations called strata {singular for strata is 
Each stratum is sampled independently and is represented 

indepe!'ldently. In this sampJe, the weight for the different strata in the total 
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sample not equal, but toward the increased probability, based 
on historical chemical analysis PCB for PCBs on vessels, finding larger 
amounts PCBs in certain uses. Samples are taken in each stratum 
according to a random samp1ing procedure. 

the event that the representative sample of a stratum finds one sample 
~SO ppm, the entire stratum must be resampled following further removal of 
non-liquid PCBs containing ppm. Removal of only the sampled material 
is not acceptable. Resampling requires regeneration of a new random 
sampling the stratum to detennine whether all materials containing ~50 
PCBs have been removed. 

example, assume that the sample of 25 electrical cables, selected 
in accordiJnce with this policy, showed one cable having ':l.50 ppm PCBs 
in one of its non·/iquid components. Based on this sample all electrical 
cable would be cons idered regulated for disposal. It would not be in 
compliance with this policy to dispose of the one cable, replace the cable 

the ,rample with another cable which did.not have a non-liquid 
component 'J:JO ppm and assume that all electrical cable was <50 ppm 
and unregulated/or disposal. Rather,.a new electrical cable sample 
would have to be resJtlecred in accordance with the policy and 
reanalyzed. It wouid prudent to remove all cable of any type found to 
contain PCBs :t.50 ppm before resampling. 

to be taken 

samples shall be taken and analyzed from the materials remaining 
on the "essel uses listed above in V.(a) "KnoVin Sources of Non
Liquid PCBs," There are se,,'cral different categories of quotas each 

a minimum number of minimum total the vessel,. 
minimum total each deck, minimum total from eaoh kind of use, and 
minimum total from each ofth..ree classes of use (strata). Scrappers may . 
sample morc than the minimum number of samples in any or all 
categories. 

(ii) Minimum numbers samples: 
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(A) l\1inimum Total Number of Samples (T) - the larger fifteen 
samples or the square root, rounded off to the to the nearest whole 
number, of the gross weight oithe vessel as sold long tons (2,200 
pounds equals one long too); 

(B) The minimum total number of samples sllaU be distributed as 
follows: . 

(1) When T 15 

(a) Samples shaH be taken according to the following 
priority order fifteen samples have been conected. If 
there are no uses in category, proceed to the next 
category. 

(i) Four air handling system gaskets. 

(ii) Three samples of electrical cable containing of non 
conducting, non· metal material. Each cable may have 
several different Don-metal components which have to be 
analyzed individually. 

(iii) One ""_ .... ,""~ each ftOI'll the following category: 

(A) rubber gask.ets (other than a!f handling system 
gaskets) 

(B) felt gaskets (other than air handling 
gaskets) 

(C) fiberglass, felt, foam, or cork thermal insulation 
material 

(D) sound deadening felt 

(E) grouting, caulking, rubber isolation mounts, 
foundation mounts. and adhesives 
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(F) tapes 

(0) pipe hang erSt and 

(Ii)- rubber/plastic parts of all sizes and shapes 
(other than listed above. in VI.c.(ii)(B)( I )(a) 

(b) If there are insufficient uses to select fifteen total samples 
using the procedures in VI. c. (ii)(B)(lXa), provide in the 
original notification (required in ID. above) to .the EPA 
Regional PCB Coordinator with a re~uced scale deck of 
the ship and a "Titten certification that procedure if 
feHewed would result fewer than fifteen samples. 

(1) Wben Tis >15 

(a) lvfinimum Total Number of Samples on Deck ("deck: 
quota") - three samples from each level/deck on the vessel, 
where known sources of non-liquid PCB uses are located 

. any removal activity; 

(b) Minimum Total Number ofSa.'11ples from KnO\\'n 

of Non-Liquid PCBs - a minimum of one sample from 
each afthe mo\\n uses ofnon .. liquid PCBs V.(a) which 
are present on the 

(c) further categorization of samples is required as 
follows. The population of aU known sources afnon-liquid 
PCBs V.(a) will fall into one of these three subpopulations 
which will be reterred to as strata. The strata are: Stratum 1-
electrical cable insulation, Stratum 2 • air handling system 
gaskets, and Stratum 3 - the other known Sources of nOD

liquid PCBs a.s listed in V.(a), [excluding the known sources 
of non-liquid PCBs which compose the Stratum ) and 
Stratum 2.] 

NWMAR 117856 



(i) Stratum 1- At least 0.4(T) electrical cable samples 
shall be taken. Each non-conducting materials (plastic~ 
rubber, etc.) from each electrical cable shall be 
chemically analyzed separately. Three of the 
total electrical cable samples or O.3(T) samples shall be 
taken from elecTrical cable in engine compartments. 
auxiliary machinery compartments, areas having radio 
transmission and receiving equipment, x-ray equipment~ 
radar equipment, and any other high voltage electrical 
equipment. 

(ii) Stratum 2 - At least O.4{T) samples shall be taken 
from gask.ets in handling systems. One half the air 
handling system samples or at least O.2(T) samples shall 
be from air handling systems gaskets engine . 
compartments, auxiliary machinery companments, and in 
areas where there fuel, explosives and munitions were 
stored and handled. 

(iii) Stratuln 3· At least O.2(T) samples shall be taken 
from this stratum. In the event that O.2(n~9. one sample 
shall be taken from each of the following nine groups 

rubber gaskets (other that handl ins 
felt gask.ets (other than in air handing 

system gaskets); thennal insulation material (fiber glass. 
felt. foam, and cork thmnaJ insulation material); sound 
deadening felt; grouting/caulking, rubber isolation 
mounts, foundation mounts, and adhesives; tapes; oil
based paint in containers (paint on surface of the vessel is 
not included): pipe hangers; and rubber andlor plastic 
parts of aU sizes/shapes (other than in stratum 1, 
stratum 2:"or the preceding substrata in this stratum). In 
the event {haL there is an insufficient number of samples 
or 0.2(T)<9, the O.2(T} samples shall be randomly 
selected from a numbered list of the nine substrata. 
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(d) Samples in different strata may be'also be counted in the 
total number of samples for a deck in VLc.(ii)(B)(2)(a), so 
long as all minimum total numbers of samples are taken for 
each stratum and each "deek qU9ta", For example if the radar 
compartment in one o(the island decks and two Stratum 1 
samples are taken there, no additional samples are necessary 
to fill the "deck quota." However, additional samples may 
be-taken from that deck to complete required numbers of 
samples strata other than deck stra.ta, 

Minimym Simple Number E~am,,'e 

Assume that the vessel to sampled is a .30, 000 ,ton aircraft 
carrier having six decks tn the main body a/the vessel andfive decks 

the island. 

(1) According VI.c.{ii)(A) the minimum total number of 
samples is the square root 01 thirty thousand or 1 2 rounded off 
to 173. 

According to VI.c.{ii)(B)(2)(c), 69 samples of cable. 69 
samples of air handling systems gaskets and 35 samples of other 
known non-liquid uses of PCBs are required 

(3) OJthe 69 samples for cable in Stratum I, 52 are required to 
beIrom specified areas. 

(4) Offlle 69 samples for air handling system gaskets in Stratum 
34 are required to befrom specified areas. 

(5) Of the 35 samples taken/or known non-liquid PCB sources 
other than electrical cable and air handling system ga-rJcets 
(Stratum 3), at least one sample shall befrom each o/the nine 
substrata in stratum l 
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Removal Kno\\7l Sources of PCBs Resulting ~on-Existjng Strata 

In the event that All of known uses of PCBs (as listed in IV.( a) and 
V.(a») or in a particular stratum or category have been removed from the 
vessel for purposes of PCB disposal, no samples are required to be taken from 
that stratum or category to demonstrate that all PCBs ~50 ppm have been 
removed. The minimum number of samples from the unsampJed stratum (or 
strata) do not have to be transferred to another. stratum. The total number of 
samples, T, is simply reduced the total number of sampied from each 
stratum which was not because ill of a known use, which made up a 
stratum had been removed from the vessel for PCB 

(iv) Sele~ting Locations for Sampling 

Sample locations are to selected eluploying iloor (deck.) plans. a 
random number table or generator, and a tape measure. Sample locations on 
each deck (or level) of a vessel are to be selected separately. 

(A) Stage I .. Selection a Room (Space or Compartment). On each 
deck. sample sites stratum be selected by three methods for 
the first stage, which is the selection of a room. Sample locations are 
taken the Stage 2 and Stage 3 sampling procedures (in (A) and (B), 
respectively, below, 

(1) r..1ethod I.. there event that there is oniy one room on a deck 
or one room in a stratum, room automatically selected. 

(2) Method 2 - Rooms (spaces or compartments), including sections 
ofhaUways and stairwells on each deck, are assigned sequential 
numbers and rooms or compartments) are selected 
using the random number table Or generator. 

(3) Ivlethod 3 .. Two dimensional coordinates are to be randomjy 
selected on each deck based on a scale drawing of the deck (noar) 
plan. Location of selected coordinates is somewhat facilitated by the 
bow to stem over a vessel. Starboard to port dimensions 
may be determined by using the floor plan and measuring from 
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interior bulkheads (walls) rather from the side of the 

(B) Stage 2 . Once a space or compartment. is selected, each wall and the 
ceiling is a number and a wall/ceiling is selected a random 
number table or generatof. 

Iftbere is only one room on a deek Of only one room in a stratum the 
flexibility in Stage 2 and Stage 3 is restricted. In either of these two 
cases, stage 2 and Stage 3 are 8S follows: prepare a numbered list (make a 
census of) aU applicable known locations of sources of non-liquid PCBs 
(see V.(a») in the lone room/stratum; select the number. which 
corresponds to a sample locations in the numbered list, using a random 
number generator; coHect the sample(s) from the selected locations. 

(C) Stage 3 - Location of a sample on the selected wall (bulkhead) or 
ceiling (overhead) will be purposive (or intentional) with three conditions. 

(l) all quotas must be met for all strata, 

(2) more than one size of cable present, aU cable in the area 
selected shall be assigned a unique number and one cable selected for 
sampling using random number table or generator, and 

on ly one sam.ple each any specific kind of known use of non· 
liquid PCBs may collected from a single room (space or 
corupanment), unless the number ofrooms (spaces or compartments) 
having specific kind of use smaller than the total number of 
samples required. 

Whichever knoYr'n source ofnon·1iquid PCBs requires a sample and is 
found the foom, shall to be sampled from the selected wall or ceiling. 
Ifno such known source of non-liquid PCBs is present, another wall or 
........ , ..... ,., shall be randomly selected using the procedures in stage 2 and 
stage 3. Resampling of a wallar ceiling when there no known source 
of non-liquid PCBs present sh311 occur no more than twice (a total of 
three selections including the original selection) before it is necessary to 
select another room through stage 1. 
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(0) Guidance to Facilitate Sample Site Selection 

First, locate the specified cable and specified air handling system 
gaskets sample sites and collect samples. Likely cable (Stratum will be 
more prevalent on Q limited number of deeles. Likewise, gaskets (Stratum < 

2) will be more prevalent on a limited number oj dech. Samples from 
the.re two strata wilililcelyfill the "deck quota"jrom (2) above. 1t may be 
that the Stratum J and Stratum 2 samples will abo hcrve to be used to fill 
other "deck quota" ellen though these materials may be less prevalent 
than on the other decks, they may be more prevalent than the scarcer 
Stratum 3 materials. NOle well: Because of the limitedpre:valence and 
wide distribution of the varying known non-liquid uses of PCBs on board 
the vessel, it prudent to attempt to Jill"deck quotas" with cable first and 
then with air handling system gaskets. 

To fill Stratum 3 - "known u.ses of non-liquid PCBs. " it may be more 
.productive to not pre-determine what use would be sampled at a random 
location. hut to search for any/all of the uses and keep a tally of the use 
strata as the are filled by the random sampling. Assu"!e that the lowe,. 
decks on a vessel have a higher proportion of thermal insulating material 
hut a lower proportion of electrical cable. Even if all deck strata had 
been flUed on the lower decks it would be prudent to use the random 
:sampling scheme to find Ihenna/ insulating material for Stratum 3 even 
though lhe "deck quota" might already have been filled. Either aformal 
or informal comprehensive or cur,sory census of known uses of non-liquid 
PCBs on board the vessel. Appendix 2 an example. will probably speed 
up sample site selection. 

It miglrt also prove prudent to have several alternate randomly 
selected sites available when sampling to account for the possibility of an 
ineligible site (a site where no known uses o/non-liquid PCBs arefound 
at (J randomly selected The sampling scheme does not provide for 
or tolerate the purposive (or intentional) selection of a "nearby" or otlter 
convenient sample in the event that a randomly selected site is ineligible. 
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d. Resampling after Additional Removal of ~50 ppm PCBs 

In the event that individual sample shows greater 50 parts per million 
PCBs, further removal shaH occur and the entire sample category shall be 
reselected. It is unacceptable to remove a material showing ::t: 50 ppm and then 
assuming that there are no other PCBs present at :tSO ppm in the category. In a 
representative sample. one of ~50 ppm requires either removal of all of the 
items on the vessel or resampling of the entire population represented by the 
sample. 

Yll. OisposQ,l QfRemoved PCBs 

Once sampled and characterized as to PCB concentration, in .accordance with 
the requirements of 4(1 CFR 761, PCBs and PCB Items shall be contained and 
marked for storage andlor manifested for transporta.tion to approved 

facilities 

In place all non .. 1iquid PCBs removed from a vessel may be 
assumed to contain greater than 50 ppm PCBs and then must be disposed of in 
accordance 40 CFR 761, 
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Appendix 1 

Determination of the PCB Concentration 
in Non-Liquid PCB Uses for Purposes of Disposal 

The PCB regulations do not address the detennination of PCB concentrations 
based on an extraction which simulates environmental exposure. The ultimate fate 
of many of the non-liquid PCBs is thermal destruction in metal smelting at a· 
smelter meeting the definition at 40 CFR 261.10. For purposes of thermal 
destruction all PCBs are considered to be accessible to and invoI ved in the 
destruction process. Risk from thermal destruction should be approached from a 
total PCB concentIation. Therefore, for PCBs to be disposed of by thermal 
destruction methods, an exhaustive method shall be used to extract the PCBs 
which are often tightly bound in a plastic, rubber, or resinous matrix. Extraction 
of PCBs from non-Uqui.d uses shall toluene as Ii solvent in a soxhlet 
extraction method equivalent to Method 3540 in SW-846 "OSW Test Methods for 
Evaluating Solid Waste." The extract shall be cleaned with concentrated sulfuric 
acid. Exrracts shall be blown down with nitrogen or evaporated in a rotary 
evaporator. a KudemapDanish apparatus to concentrate toluene 
been to be problematic. this apparatUs is not recommended for use. 
Chemical analysis shall be according to Method 8080, Method 8081, or Method 
8280 or equivalent also in SW.846 "OSW Test Methods for Evaluating Solid 
Waste. II 

EPA consider other proposed extraction and/or chemical analysis 
procedures so long a minimum, the proposals are submitted to EPA no less 
than 90 days prior to the intended use of the methods and the following 
infonnation is also included with the proposal. 

(l) A detailed description of the proposed method. Details should be on the 
order of the details in Method 3540 and Method 8080, Method 808 J, and 
Method 8280. 
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(2) Analytical results from least ten representative samples, having PCB 
concentrations above and below concentration of concero, using both the 
proposed method and -rvrethod 3540 with Method 8080/8081/8280 are 
submitted and the perfonnance oftbe proposed method indicates equivalence 
(or improvement) in precision, accuracy I sensitivity ,and speci~city. 

If EP A accepts tbeproposal, the acceptance and any conditio~s of acceptance 
will be in forwarded to the proposer in writing within the 90 days of the receipt of 
a complete proposal. EPA reserves the right to conduct its own forma] 
verification of the proposed method before issuing an approval. If EPA chooses to 
verify the method, EPA will notify the proposer in writing no more than 30 days 
after receipt the proposal. The notification will indicate the time needed for 
verification which will be a minimum of ninety days. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

Mr. James Caponiti 
Associate Administrator National 
U.S. Depanment of Trans po nation 
Maritime 
400 Seventh Street, S. W. 
Washington D.C. 20590 

Dear Mr. Caponiti: 

I am responding to your letter 

AUG 5 1996" 
OFFICE OF 

ENFORCEt.ENT AND 
COMPlIANCE AVURANCE 

which you request an extension of all the 
terms and of the entorcement 1'I." .. · ...... h for scrapping dated November 30, 
1995 as modified by the June 6, 1 
increase to twelve the number of 

removed 

sampling guidance. The extension you propose would 
,."" .... ", in the agreement. All vessels are located at the 

are not known at this time, recognizes 

While it is anticipated that the PCBs will be 
ntrH, .. r<: and the actual PCB removal/scrapping sites 

these additional ten vessels may be scrapped in 
EP A other than 4, and 6. 

The requested is approved. Please Enclosure 1 from the November 30, 
1995 have the information. your staffsend a copy of the 
updated 1 to the EPA contacts on November 30 letter. Feel free to 
have your staff contact my Office at 202-564-2587 if you have any additional 
questions. 

Sincerely. 

£~{f!!'-
""",mp,'\t Office 

RK'ycltdll'let:ycl.blt 
--s..y..c-. "'" WI,*,", _ _ ._1$'~_ 
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COMPLIANCE WITH THE TSCAPCB DISPOSAL REGULATIONS: 
SAMPLING AND ANALYZING PAINT ON METAL SURFACES 
OF VESSELS BEING SCRAPPED FOR METAL RECOVERY 

Sample Size and Weigbt 

Each sample (or subsample in a composite sample) shall be scraped from an area of at 
least 30 centimeters (30 cm.) by 30 em. including aU paint from the outer surface bare metal. 
If the em. by 30 em. does not weigh at least 50 grams, additional paint shall be scraped 
adjacent to the 30 cm. 30 cm. area until at least SO grams of paint is in the sample .. 

Number of Samples to Be Collected and Analyzed 

number of chemical exclusive of quality control samples (blanks. duplicates, 
standards. and spiked field samples) appears parentheses the next section. The number of 
I,.U""'U.U,,AA ,.1'1'1"/<::1<:: is at a minimum eight the potential additional sample from each 
deck:. 

Location of Sample CDllection Sites and Procedures for Compositing Samples 

1. One from side of the at any 10C;atlcm above the waterline' 

2. at below 

sample from all main deck 

4. One sample from the top of main deck 

S. Samples each deck: below and above the main as follows: 

a' One sample from three ;'UU;'4I111J11:;;'. a wall, the deck: the 
bulkhead of the hallways/corridors. 

b. One sample from the deck, bulkhead, each wall one 
room which is in a living quaners, office space, or other "white coUar" area. 

c. One composite sample from one subsample from each room on the deck: 

(2) 

(2) 

(I) 

(1) 

is to address the possibility of the use 
below the waterline sample not 

paint differs. Often are even 
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which has been used to store ammunition, fuel, or other explosive or flammable 
material. including but not limited to engine rooms. rooms containing hydraulic 
equipment and rooms containing heat transfer equipment. ' 

6. Composite into one sample all of the samples trom each deck taken S.a .. (above) (1) 

7. Composite into one sample all of samples trom each deck taken in (above) (l) 

8. Analyze the composite sample from each deck taken according to S.c. individually. (.) 

" the of decks on the 

Sample Preparation Prior to Extraction 

The paint shall be or nth ...... 'J"I'I! .. homogenized. 

Extraction, Oeaning and Analysis of the Samples 

analysis to 
Waste, as specified below. 

50 or composite sample to be 
extracted. extraction solvent and extraction shall be according to 
Method 35408 or 1. Once the extraction is complete, toluene be solvent 
exchanged a solvent appropriate for cleaning and instrumental analysis. 

The extract be cleaned using Method 3665 followed by 3620A. 

extract be according to Method 8080A or 808 t 
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Quantitation limits for total PCBs shall be less than or equal to 5 micrograms 
PCBs per gram of paint. If quantitauol1 limits are greater than S micrograms PCBs per 
gram of paint. the extract be further cleaned according to Method 3665 and 3630. 

Regulated PCBs 

If PCBs are found any of the samples or composite samples at concentrations greater 
than or equal to SO ppm, these PCBs are for disposal and prohibited from expon. 
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Linda. 

I am very concerned about chemical extraction procedures (Methods 3 and 3580) used to 
Gascoyne Laboratories to the Unless a laboratory is familiar with PCBs in these 
materials the tendency is to use the quicker/cheaper extraction procedures are more 
applicable to soils. Until someone provides OPPTS with data showing that cheaper and quickf:r 

techniques (Methods 3 3580) are equivalent to method 3540B and 3541, 
OPPTS will require the more exhaustive extraction methods for the analysis of paint and 
plastic/rubber materials containing Admittedly, these analytical procedures (3 S40B and 
3 longer may be more they more clearly reveal the true PCB content 
these matrices. EPA enforcement more exhaustive extraction in analyzing 
samples taken the ex-CabotJDedalo. 

John 
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FROM: 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

24 
OFFICE OF 

ENFORCEMENT AND 
COMPlIANCE ASSURANCE 

'-"' .. u .................. ofOPPTS Role Development, Review, and Concurrence 
Enforcement Discretion Agreeme ts and Letters 

A. Hennan 

R. Goldman, M.D. 
n;)~::.l;::HAln Administrator 

F or Prevention, Pesticides, and Toxic Substances 

I wanted to drop you this note to be sure we are coordinated in the development, review, 
concurrence of enforcement discretion agreements and letters addressing unauthorized use 

PCBs and their distribution commerce, export of PCBs, and disposal of PCBs. 

to contemplate appropriate acts of enforcement discretion. counting on 
development, review, and concurrence of technical provisions included in 

1-( .. ,."' .... I authorize any OECA official to any acts of enforcement 
discretion concerning these PCB issues, I am requesting a written concurrence by OPPT staff on 
all future agreements. similar to what we've done the past. 

Would please send me a note bade confirming this plan to stay coordinated? 

•• 
Iih,eyclMilRqew.bM • PMled...t1l VIIoQMIlibIlil 01 Bue4l11l\:1l on 100"i10 R.,qded P..- (.0% PoSl_UI'IlIIlIf') 
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UNITED STATES ENVIRONMENTAL PROTECnON AGENCY 

WASHINGTON. D.C. 20460 

NOV -4 

MEMORANDUM 

Role the 

FROM: 

development of the actions, OPPTS 

commitments are made \\ith the 
may on patted by resource 

responds to your 
hesitau: to contact me. 

OFFICEOf' 
PRE\'ENTIClN. PESTlClD£S AND 

TOXIC SUBSTANCeS 

of PCB·related 

is needed 

of input 

not 

~CYC"dIR.cyCI.bl. 
Pnt1'llid ..., ... So,.ICINlliI Ink Ol\ PlPftlNt 
COI'ltll/I'I$ III 1Qi_ SO". tlJCYCllId liD'" 
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FROM: 

TO: 

UNrTED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

MAR 0 3 1995 

OFFICE OF 
ENFORCEMENT AND 

COMPlIANCE ASSIJRANCE 

: processing or Use of Enforcement Discretion 

Steven A. He 
Assistant Administrator 

• 
Regional Administrators 
General Counsel 

In light of the reorganization and consolidation'of 
's enforcement compliance assurance resources 

act at I I believe that to 
recirculate the attached memorandum regarding "no action" 

of both this policy and 
The Agency has long to a 

assurances outside the context 
proceeding that the will not 

with an response for a individual 
an environmental statue, regulation, or 

1 requirement. This policy, a necessary and critically 
important e of the of the Agency's 
~nforcement discretion, and which been a consistent 
of the enforcement program, was formalized in 1984 following 
Agency-wide review and comment. Please note that OECA 
reviewing the lity of this policy to CERCLA 
enforcement I and will issue additional guidance on this 
subject. 

A "no action" assurance I but not limited to: 
specific or general requests for the Agency to exercise its 
enforcement discretion in a manner or in a given set 
of (i.e., that it will or will not take an 
enforcement action); the development of policies or other 
statements purporting to bind the Agency and which relate to or, 
would affect the Agency's enforcement of the Federal 
environmental laws and regulations; and other similar request~. 

I Courtney I Ass 
and Compliance , Pol 
(Nov. 16, 1984) (copy attached). 

Administrator for Enforcement 
Against "No Action" Assurances 

RecycledIRllcydabi. 
JIIMI'" _ Sor~IItIII .. jIIIpIIt till! 
__ 111 ... 1 75" toqo::IGd 111M, 
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forbearance or involving enforcement-related 
activities. The procedure established by .this Policy 
that any such written or oral assurances nave the advance written 
concurrence of the Assistant Administrator for Enforcement 
Compliance 

The 1984 reaffirmation of this policy articulated well 
dangers providing "no actionn ".assurances. Such assurances 
erode the credibility of the enforcement program by creating 
or perceived"inequities the Agency's treatment of the 
regulated community. limited Agency resources, this 
credibility is a vital for the regulated to 

with existing In addition, a commitment not 
a legal may severely hamper later, 

to protect public health 
of whether the action against the 

assurances or against others who cl.im to be 

Moreover, principles are their most compelling in the 
rulemakings: good public policy counsels that blanket 

statements of enforcement discretion are not always a 
alternative to the public notice-and-' 

Where the Agency that it 
approach in , well-

view we must consider carefully 
through an open and public 

underlying requirement was 
Procedures Act), 

We have recognized two general situations in which a no 
action assurance may be appropriate: where it is expressly 
provided for by an applicable , and in extremely unusual 
circumstances where an assurance is clearly necessary to serve 
the public and which no other mechanism can address 
adequately. of the profound policy impl 
granting no action assUrances, the 1984 Policy requires the 
advance concurrence of Assistant Administrator for this 
of~ice. Over the years, this approach has resulted in the 

and appropriate 's 
enforcement I and in a manner which both preserves the 
integrity of the Agency and meets the legitimate needs served by 
a mitigated enforcement resPQnse. 

There may be situations- where the general prohibition on no 
action assurances should not apply under CERCLA (or the 
Underqround Tanks or RCRA action proqrams l . 
For example, at many Superfund s there is no violation of 
law. OECA is evaluating the applicabifity of no action 
assurances CERCLA and RCRA will issue additional 
guidance on the ect. 
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. Lastly, an of the 1984 Policy which I to 
highlight is that not and should not preclude Agency 
from discussing fully and completely the merits of a particular 
action, policy, or other request to exercise the Agency's 
.enforcement discretion in a particular manner. I welcome a free 
and frank exchange of on how best to respond to violations, 
mindful of the Agency's overarching goals, statutory d~rectives, 
and enforcement and compliance priorities. I do, however, want 
to ensure that all such requests are handled in a consistent and 
coordinated manner. 

Attachment 

cc: Directors 

Regional Program Oirectors . 
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MEMORANDUM 

SUBJECT: 

FROM: 

poli,cy Against 

Courtney M. 
tant 

and Compl 

.No~tion" Assur~. ces 
) -- f\ . . 

ce ,/"). ~ 
nistrator for Enforcement 

Monitoring 

TO: Assistant Admi strator. 
Regional Administrators 
General Counsel 
Inspector General 

This memorandum reaffirms EPA policy against glvlng 
definitive assurances (written or oral) outside the context of 
a formal enforcement proceeding that EPA will not with 
an enforcemept'response for a specific inai dual violat of 
an environmental t statute, regu tion, or other 
legal requirement. 

"No action- promises may erode the credibility of EPA'S 
nt by creating real or perceived inequities 

the Agency's treatment of the regulated community. This 
credibility is vi as a continuing incentive for regu 
parties to comply with environmental tion requirements. 

In addition, any commitment not to enforce a legal 
requirement against a particular regulated pa may severely 
hamper later ement efforts against that party, who may 
claim good-faith reliance on that assurance, or against other 
parties who cIa to be similarly situated. 

This poli against definitive no action promises to 
parties outside the Agency applies in all context~, including 
assurances reques 

" both prior" to and after a violation has n 

on the basis that a Stat~ or local government is 
responding to the violation; 

tted; 
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